UNCLASSIFIED 
AD  NUMBER 


AD339905 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

secret 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  08  JUL 
1959.  Other  requests  shall  be  referred  to 
Defense  Atomic  Support  Agency,  Washington, 
DC .  Restricted  Data . 


_ AUTHORITY _ 

dna  Itr,  6  jun  1980;  dna  Itr,  6  jun  1980 


THIS  PAGE  IS  UNCLASSIEIED 


SECRET 

RESTRICTED  DATA 


AO  339905L 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION,  ALEXANDRIA,  VIRGINIA 


RESTRICTED  DATA 

SECRET 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
GovezTunent  thereby  incurs  no  responsibility,  nor  any 
obligation  \Aiatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  foraulated,  furnished,  or  in  cuiy  way 
supplied  the  said  drawings,  specifications,  or  other 
data  la  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  emy 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


NOTICE; 

THIS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESriONACa:  LAWS,  TITLE  l8, 
U.S.C.,  SECTIONS  793  and  79^-  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PROHIBITED 


BY  LAW. 


i;Sin'^  b:: 

SECRET 


'jAuk 


WT-1146 


,1 
f  / 


This  document  consist^^of  96  page 
No.  1 U  of  195  copies,  Series  i 


0/i€MtcOH 

i5TEAP0T 

IE  V  A  D  A  TEST  SITE 

r  u  a  ry  —  M a  y  1956 

a 

CO 
CO 


u 

.  j 

1 


'reject  8.4b 

^SIC  THERMAL -RADIATION  MEASUREMENTS  (U) 


Issuance  Date:  July  8,  195$ 


AIR  FORCK 

RALl-ISTIC  MISSII.K  IHVISIOIN 

TECHNICAL  LIBRARY 


Document  No. . 
Copy  No.. 


RESTRICTED  DATA 

This  document  contains  restricted  data  as  defined 
in  the  Atomic  Energy  Act  of  1954.  Its  transmittal 
or  the  disclosure  of  its  contents  in  any  manner  to 
an  unauthorized  person  is  prohibited. 


HEADQUARTERS  FIELD  COMMAND,  DEFENSE  ATOMIC  SUPPORT  AGENCY 
SANDIA  BASE.  AIBUOUEROUE,  NEW  MEXICO 


EXCLUDED  ERO.M  AUT0V.ATT( 


RfiORA.P  !  NQ  ,  HOP  tliJi 


DUES  HOT  Ai'lr’W 


SECRE 


:S*S 


,  ;  S?'  * 

'  1  U  ."1 

L*  «*1 


Inquiries  relative  to  this  report  may  be  made  to 


Chief,  Defense  Atomic  Support  Agency 
Washington  25,  D,  C. 


When  no  longer  required,  this  document  may  be 
destroyed  in  accordance  with  applicable  security 
regulations. 


DO  NOT  RETURN  THIS  DOCUMENT 


AEC  Technical  Information  Service  Exteniion 
Oak  Ridge,  Tennettce 


1 1  h .  k 


SECRET 

RESTRICTED  DATA 


•  I 

WX3il46 


gPERATION  TEAPOT— PROJECT  8.4b 


,■/ 


i  ■  B/IS/C  THERMAL  -  RAD! A  TION  MEASUREMENTS  (Ul 

7’V4 

/  \  /'  i « 


V  r 


\ ' ' 


r  ' 


tn/A 


V 


■S  -  V 


.  R.W.  Hillendahl  a 
U  F.I.  Laughridge  • 

U.S.  Naval  Radiological  Defense  Laboratory 
San  Francisco  24,  California 


f footing  the  Itetlonal 

•This  document  contains  inform  -  the 

Defence  oi  t-  ^  j.  '  -  \  ,  of  its  contents 

Esplo:..o  i-;':;;;  ,,,  or  the  — I' prohibited 
794.  ^  uiiaulhoriaea  per..on  is  P 


RESTRICTED  DATA 

Thia  document  contalna  reatrtetad  data  aa 
defined  in  the  Atomic  Energy  Act  of  1954. 
Ita  tranamlttal  or  the  dlacloaure  of  ita 
contenta  in  any  manner  to  an  unauthorlaad 
peraon  la  prohibited. 


FOREWORD 


This  report  presents  the  final  results  ot  one  of  the  56  projects  comprising  the  Military-Effects 
Program  of  Operation  Teapot,  which  included  14  test  detonations  at  the  Nevada  Test  Site  in  1955. 

For  overall  Teapot  military -effects  information,  the  reader  is  referred  to  “Summary  Report 
of  the  Technical  Director,  Military  Effects  Program,”  WT-1153,  which  Includes  the  following: 
(1)  a  description  of  each  detonation  including  yield,  zero-point  environment,  type  of  device, 
ambient  atmospheric  conditions,  etc. ;  (2)  a  discussion  of  project  results;  (3)  a  summary  of  the 
objectives  and  results  of  each  project;  and  (4)  a  listing  of  project  reports  for  the  Military  Effects 
Program. 
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ABSTRACT 

Basic  thermal- radiation  measurements,  comprising  total  and  broad-band  spectral  distribution 
of  radiant  energy,  radiant  energy  as  a  function  of  field  of  view  of  the  measuring  instrument, 
and  total  radiant  power  versus  time,  are  reported  for  the  second  thermal  pulse  of  Shots  1,  2, 

3,  S,  6,  9,  and  10.  All  data  were  taken  from  ground  stations  at  ranges  as  close  as  feasible  to 
the  detonations. 

The  data  is  reported  and  analyzed  to  obtain  the  total  thermal  energy,  the  total  thermal  emis¬ 
sion  per  unit  of  time,  fireball  sizes  and  geometries,  and  color  and  power  temperatures,  all  as 
a  function  of  time. 

New  methods  of  analysis  are  used  that  show  promise  of  correlating  the  thermal  characteris¬ 
tics  of  the  fireball  with  burst  parameters.  The  new  methods  result  in  significantly  higher 
thermal  yields  in  all  cases. 

Significant  differences  are  shown  in  the  thermal  properties  of  tower  and  air  bursts.  The  air 
bursts  have  higher  thermal  yields,  higher  peak  irradiances,  higher  peak  temperatures,  and 
different  pulse  shapes  than  tower  bursts. 

The  thermal  properties  of  an  air  burst  are  shown  to  vary  with  altitude.  Tiie  higher  the  alti¬ 
tude,  the  shorter  the  time  scale,  the  larger  the  fireball,  and  the  lower  the  total  thermal  energy. 
The  peak  temperature  is  little  changed, 

More-specialized  measurements  are  mqrted  for  several  shots.  Gonlometric  measurements 
of  the  thermal  radiation  received  under  tne  smalm  layer  during  Shot  5  were  successfully  com¬ 
pleted.  Indications  are  that  the  results  are  consistent  with  predictions.  Measurements  at  ex¬ 
tremely  close  ranges  were  attempted  during  Shot  12,  but  with  very  little  success,  primarily 
due  to  recording  difficulties. 

Applicable  data  were  obtained  for  all  of  the  specified  objectives,  but  additional  data  Is  needed 
to  complete  the  study  of  the  thermal  radiation  from  nuclear  detonations.  Recommendations  are 
made  as  to  what  measurements  are  required. 
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The  methods  of  data  Interpretation,  the  scaling  relationships,  and  conclusions  reached  in  Chap¬ 
ters  4  and  5  of  this  report,  represent  the  state  of  the  art  as  of  about  the  end  of  1957.  As  of  that 
time,  only  the  thermal  data  from  Operation  Teapot  had  been  analyzed  in  detail.  The  data  quoted 
fiom  other  field  tests  had  not  been  subjected  to  detailed  treatment  and  hence  must  be  considered 
preliminary  in  nature. 

In  the  interval  between  the  initial  submission  of  this  manuscript  and  its  final  publication,  the 
detailed  analysis  of  thermal  data  from  all  field  tests  has  b>.  m  completed  and  submitted  as  a 
summary  report  (Reference  18).  The  conclusions  and  scaling  laws  for  air  and  tower  bursts,  as 
presented  in  this  report  of  wider  scope,  are  more  extensive  and  complete,  and  supersede  those 
presented  in  this  text. 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVES 

The  objective  of  Project  8.4b  was  to  determine  the  physical  characteristics  of  the  thermal 
radiation  from  nuclear  devices  detonated  during  Operation  Teapot  at  ranges  where  the  thermal 
radiation  causes  damage  to  military  targets. 

More  specifically,  the  objectives  were  to:  (1)  accumulate  basic  thermal  data,  such  as  total 
thermal  energy,  broadband  spectral  distribution  of  the  thermal  energy,  and  the  thermal  irra* 
dlance,  for  weapon  sizes  for  which  these  data  were  not  available;  (2)  check  the  existing  ther¬ 
mal  scaling  laws  and  to  modify  and  extend  them  to  include  a  wider  range  of  weapon  sizes;  (3) 
attempt  thermal  measurements,  at  extremely  close  ranges  and  high  energies  where  there  were 
no  experimental  data  available;  (4)  determine  the  relative  differences  in  thermal  energy  re¬ 
ceived  from  tower  and  air  bursts  and  to  compute  the  thermal  yields  for  both  cases;  (5)  see  if 
a  correlation  exists  between  weapon  characteristics  and  the  characteristics  of  the  thermal  ra¬ 
diations;  (6)  determine  the  effects  of  burst  altitude  upon  the  pulse  shape  and  other  characteris¬ 
tics  of  the  thermal  radiations;  (7)  assist  the  Army  Chemical  Corps  in  the  evaluation  of  the 
effectiveness  of  an  oil-fog  smoke  screen  as  an  attenuator  of  thermal  radiations;  (8)  attempt  a 
determination  of  thermal  input  to  various  material  plots  placed  at  close  ranges  and  the  corre¬ 
lation  of  the  data  with  air  temperature,  sound  velocity,  gas  sampling,  and  photographic  meas¬ 
urements;  (9)  obtain  additional  data  relative  to  the  atmospheric  attenuation  of  thermal  radiations 
(10)  determine  the  effective  color  temperature  of  the  fireball  as  viewed  from  close  range;  (11) 
determine  the  apparent  geometry  and  size  of  the  firebal’  at  times  of  significant  thermal  emis¬ 
sion;  (12)  determine  the  minimum  power  temperature  of  the  fireball  as  a  function  of  time;  and 
(13)  test  new  thermal  Instrumentation  designed  to  measure  in  energy  ranges  higher  and  lower 
than  those  measured  in  previous  operations. 


1.2  BACKGROUND  AND  THEORY 

Thermal  radiation  is  one  of  the  more  important  parameters  that  must  be  measured  in  the 
evaluation  of  a  nuclear  device  and  its  effects.  In  addition  to  providing  a  method  for  determin¬ 
ing  the  characteristics  of  the  device  itself,  thermal-radiation  produces  gross  effects  in  target 
materials  and  is  a  complicating  factor  that  must  be  taken  into  account  in  conducting  ejqperlments 
at  close  ranges  to  detonations. 

Some  of  the  more  important  effects  caused  by  the  thermal  radiation  are:  ignition  of  mater¬ 
ials,  burning  of  humans,  modification  of  the  shock  wave,  modification  of  the  fallout  pattern  of 
the  nuclear  debris,  *  and  weakening  of  structural  materials,  such  as  aircraft  skins,  so  that 

‘  The  effects  of  fire  storm  on  atmospheric  circulation  have  not  been  fully  investigated.  Fallout  patterns 
from  bombs  detonated  over  inflammable  targets  may  differ  significantly  from  results  obtained  at  test  sites 
where  inflammable  materials  are  absent.  A  burning  city  may  afford  some  measure  of  self-protection  from 
fallout. 
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they  become  more  vulnerable  to  shock  damage. 

The  interpretation  of  measurements  of  thermal  radiation  is  a  rather  complex  problem.  In 
addition  to  the  thermal  pulse  being  a  transient  phenomenon  requiring  high-time-response  in¬ 
strumentation,  the  experiments  are  usually  complicated  by  the  complex  geometries  of  the  field 
test  situations.  As  a  result,  the  so-called  standard  thermal  measurements  are  of  two  basic 
types:  (1)  the  determination  of  the  input  to  a  specific  target  at  a  specific  location  and  (2)  the 
determination  of  the  characteristics  of  the  particular  nuclear  device  to  make  it  possible  to  scale 
the  phenomena  to  other  devices,  weapons,  and  other  situations.  Standard  thermal  measure¬ 
ments  include  total  radiant  energy,  thermal  radiant  power  versus  time,  broad-band  spectral 
distribution,  and  field-of-view  measurements. 

Prior  to  Teapot,  the  thermal  data  for  devices  of  yields  of  less  than  10  kt  was  extremely 
limited.  The  only  devices  for  which  data  of  reasonable  accuracy  were  available  were  the  first 
and  second  shots  of  Operation  Tumbler-Snapper.  The  data  from  these  shots  (Reference  1)  did 
not  give  satisfactory  agreement  with  the  accepted  scaling  laws  (Reference  2),  which  were 
evidently  satisfactory  for  larger  yields. 

While  the  data  for  total  radiant  energy  did  give  relatively  good  agreement  with  the  scaling 
laws,  the  data  for  times  to  second  maximum  gave  a  poor  fit.  It  was  believed  that  this  discrep¬ 
ancy  was  due  to  the  use  of  a  large  case  to  enclose  a  relatively  small  nuclear  device. 

The  relatively  poor  fit  using  the  times  to  second  maximum  was  of  concern  because  meas¬ 
urements  of  total  radiant  energy  are,  at  times,  either  impossible  to  obtain  or  are  extremely 
complex,  while  the  time  to  second  maximum  is  relatively  simple  to  measure  with  sufficient 
accuracy.  Operation  Teapot  provided  an  opportunity  to  attempt  to  resolve  these  difficulties 
and  to  gain  additional  basic  thermal  data  using  existing  instrumentation. 

Before  Teapot  there  had  been  relatively  little  interest  shown  in  thermal  measurements  at 
distances  where  the  total  radiant  energy  was  more  than  about  100  cal/cm^,  since  total  blast 
destruction  usually  occurred  at  these  close  ranges.  Thus,  no  measurements  had  been  made 
for  these  high  thermal  inputs  and  the  only  means  of  prediction  of  energy  values  was  by  extrapo¬ 
lation.  The  process  of  extrapolation  was  extremely  dangerous  in  this  case,  because  the  shock 
wave  arrived  during  the  delivery  of  a  significant  portion  of  the  thermal  pulse,  and  it  was  not 
known  as  to  what  extent  the  post-shuck  dust  would  obscure  the  target  and  effectively  cut  off  the 
thermal  input.  If  the  shock  wave  were  to  exhibit  such  an  exposure-limiting  action,  then  the 
thermal  energy  predicted  up  to  time  of  shock  arrival  would  have  a  maximum  value  at  some  dis¬ 
tance  from  the  device,  rather  than  at  ground  zero.  Such  a  phenomenon  would  add  further  com¬ 
plications  to  the  Interpretation  of  test  results. 

There  were  also  some  questions  as  to  the  geometrical  and  optical  properties  of  the  fireball 
when  viewed  from  close  distances.  The  field  of  view  of  the  receiving  surface,  the  radiating 
characteristics  of  the  fireball  surface,  and  asymmetries  in  the  shape  of  the  fireball  become 
increasingly  Important.  The  thermal  energy  received  at  close  distances  may  also  be  depend¬ 
ent  upon  selective  spectral  absorption  of  the  atmosphere.  While  it  is  well  known  that  gaseous 
absorption  of  radiation  plays  a  major  role  in  the  formation  of  the  fireball  proper,  little  is 
known  at  present  of  the  absorption  of  radiation  in  the  first  few  hundreds  of  feet  outside  the 
surface  of  the  fireball. 

The  measurements  being  made  by  this  project  are  not  intended  to  provide  detailed  ans¬ 
wers  to  all  of  these  close-range  energy  problems,  but  only  to  reveal  any  gross  effects  that  may 
be  present.  Thus,  if  future  measurements  are  required,  data  will  be  available  to  give  some 
insight  into  the  instrumentation  problems. 

Early  in  the  history  of  thermal  measurements  at  close  distances,  it  had  been  determined 
(Reference  3)  that  the  thermal  energy  received  from  a  tower  burst  would  be  less  than  that  re¬ 
ceived  from  an  air  burst  of  equivalent  yield.  Time  and  opportunity,  however,  had  not  made  it 
possible  to  make  any  measurements  in  an  effort  to  determine  typical  reduction  factors.  Since 
the  “schedule"  of  Teapot  intermixed  tower  and  air  bursts,  it  was  decided  to  use  existing 
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towers  and  instrumentation  to  make  measurements,  not  otherwise  required,  on  certain  tower 
bursts. 

Some  of  the  more  interesting  unknowns  concerning  the  formation  of  the  fireball  are  the 
effect  of  the  size  and  style  of  the  case  used  to  enclose  the  device  and  the  assembly  used  in  the 
device  itself.  It  is  believed  that  all  or  some  of  these  variables  could  be  of  considerable  im¬ 
portance  in  determining  the  shape  of  the  thermal  pulse,  particularly  for  the  smaller  devices. 
Operation  Teapot  provided  a  large  selection  of  these  smaller  devices,  and  the  data  gained  should 
give  some  insight  into  the  effects  of  these  parameters. 

The  effect  of  burst  altitude  on  the  formation  of  the  fireball  is  of  both  military  and  scientific 
interest.  The  effectiveness  of  nuclear  devices  used  to  counter  ballistic  missiles  and  used  as 
anti-aircraft  shells  is  dependent  upon  the  thermal  and  nuclear  radiations  emitted,  as  well  as 
the  shock  front  established  at  the  reduced  air  densities  encountered  at  high  altitudes.  Since 
thermal  radiation  is  a  major  factor  in  the  destruction  of  aircraft  at  lower  altitudes,  it  is  im¬ 
portant  to  know  if  there  is  a  significant  change  in  the  thermal  characteristics  of  devices  when 
detonated  at  high  altitudes.  The  scientific  interest  in  a  high-altitude  detonation  is  stimulated 
by  the  opportunity  to  verify  the  existing  theories  concerning  the  effect  of  variation  of  air  den¬ 
sity  on  the  formation  of  the  fireball.  For  these  reasons,  thermal  measurements  of  the  high- 
altitude  detonation  (Shot  10)  were  made  by  this  project  from  a  location  near  ground  zero.  Due 
to  the  small  yield  of  the  device  and  the  large  distance  Involved,  it  was  necessary  to  employ 
new  instrumentation  designed  specifically  for  this  application. 

During  Operation  Upshot-Knothole,  the  U.S.  Naval  Radiological  Defense  Laboratory  was 
again  asked  to  assist  the  Army  Chemical  Corps  in  the  determination  of  the  attenuation  of  an  oil- 
fog  smoke  screen.  The  previous  results  (Reference  4)  and  a  theoretical  study  made  by  the 
University  of  Michigan  (Reference  5)  provided  sufficient  data  so  that  the  area  to  be  screened 
could  be  efficiently  instrumented  with  the  available  equipment.  While  the  thermal-radiation 
measurements  themselves  are  reported  herein,  details  of  the  smoke  screen  and  its  effective 
attenuation  can  be  found  in  the  report  for  Project  8.3  (Reference  6). 

The  interaction  of  thermal  radiation  with  the  exposed  surface  areas  in  the  vicinity  of  a  nu¬ 
clear  detonation  causes  major  modification  of  the  atmosphere  through  which  the  ejqHinding 
shock  front  must  travel.  Differences  in  the  temperature  or  the  composition  of  the  propagating 
media  can  cause  major  changes  in  the  shape  of  the  pressure  versus  time  profile.  The  air- 
temperature  measurements  during  Operation  Tumbler-Snapper  showed  that  very-high  tempera¬ 
tures  existed  over  desert  sand  prior  to  shock  arrival  (Reference  7).  The  sound-velocity  meas¬ 
urements  during  Operation  Upshot-Knothole  showed  pronounced  increases  in  the  sound  velocity 
over  fir  boughs,  as  compared  with  the  velocity  over  desert  sand.  The  increased  velocity  was 
believed  due  to  a  combination  of  increased  temperature  due  to  combustion  and  a  change  of 
chemical  composition  of  the  media  over  the  surface  of  the  plot  (Reference  8). 

In  order  to  attempt  an  explanation  of  the  phenomena,  plots  containing  eight  different  materials 
were  exposed  during  Operation  Teapot.  Project  8.4b  provided  thermal  instruments  in  these 
p..ts  so  as  to  measure  the  thermal  input  up  until  the  time  of  shock  arrival.  Both  the  total  ra¬ 
diant  energy  and  shape  of  the  thermal  pulse  were  measured  with  instruments  at,  or  immediately 
above,  the  surface  of  each  plot.  Additional  measurements  were  also  made  at  a  10-foot  elevation 
over  some  of  these  plots.  A  complete  description  of  the  plots,  their  associated  instrumentation, 
and  the  measured  Inputs  can  be  found  in  the  report  for  Project  8.4e  (Reference  9) .  Only  those 
measurements  deemed  to  be  of  interest  as  basic  thermal  data  are  listed  in  the  present  report. 

The  prediction  of  thermal  energies  at  large  distances  from  the  point  of  detonation  is  dependent 
upon  the  attenuation  of  the  atmosphere.  Although  the  energy  as  a  function  of  distance  for  Nevada 
tests  is  fairly  well  known  (Reference  4),  these  data  cannot  be  applied  to  other  atmospheres  of 
interest  until  scattering  and  absorption  effects  are  better  known.  The  broad-band  spectral- 
distribution  measurements  and  the  field-of-view  measurements  made  by  Project  8.4b  should 
prove  useful  for  determining  the  magnitudes  of  these  effects. 

The  broad-band  spectral  measurements  should  also  provide  an  indication  of  the  effective 
color  temperature  of  the  fireball  as  seen  from  distances  where  the  energy  ranges  are  such 
that  the  thermal  radiation  is  capable  of  doing  damage  to  physical  objects.  By  combining  the 
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color-temperature  measurements  with  photographic  measurements  of  the  fireball  radius  versus 
time,  an  effective  emissivity  can  be  determined  for  the  fireball  surface.  Should  the  values  for 
total  energy  received,  spectral  distribution  of  the  energy,  and  the  fireball  size  give  consistent 
results,  our  knowledge  of  the  fireball  and  its  mechanisms  would  be  substantially  increased. 

Operation  Teapot  also  provided  an  opportunity  to  field  test  instrumentation  planned  for  use 
during  future  operations.  Such  an  opportunity  is  always  welcomed,  as  it  provides  some  assur¬ 
ance  of  favorable  results  where  the  data  are  urgently  required. 
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Chapter  2 

INSTRUMENTATION 

2.1  EXPERIMENTAL  DESIGN 

Standard  basic  thermal-radiation  measurements  were  made  during  six  shots  from  ground 
installations  relatively  close  to  ground  zero.  The  measurements  consisted  of  determinations 
of  the  total  radiant  energy  (TE),  of  the  broad-band  spectral  distribution  (SP),  of  the  total  ra¬ 
diant  energy  density  as  a  function  of  the  field  of  view  of  measuring  instrument  (FV),  and  of  the 
total  thermal  irradiance  versus  time  (RD) .  The  types  and  locations  of  the  measurements  made 
during  each  shot  are  given  in  Table  2.1. 

Column  3  lists  the  number  of  total-radiant-energy  measurements  made  at  each  location 
using  standard  Mark  6F  integrating  calorimeters.  These  instruments  had  quartz  filters  and  a 
field  of  view  of  90  degrees.  Column  4  lists  the  number  of  broad-band  spectral  measurements 
made  at  each  location.  These  instruments  were  identical  to  those  used  for  the  measurements 
listed  in  Column  3,  except  that  Corning  glass  filters  were  used  in  place  of  quartz.  Column  5 
lists  the  number  of  measurements  of  total  radiant  energy  using  instruments  with  fields  of  view 
different  from  those  listed  in  Column  3.  The  fields  of  view  chosen  were  180,  45,  22,  and  11 
degrees.  The  angles  refer  to  the  included  angle  of  the  cone  from  which  the  instruments  re¬ 
ceived  energy.  The  angles  used  at  each  station  are  given  in  Chapter  3.  Column  6  lists  the 
number  of  Irradlance-versus-time  measurements  made  at  each  station  using  standard  Mark  6F 
radiometers.  These  instruments  all  had  quartz  filters  and  a  90-degree  field  of  view. 

In  some  cases,  additional  measurements  were  made  during  these  shots  with  photronic  cells, 
whenever  spare  recorder  channels  were  available.  These  cells  were  used  primarily  to  mark 
zero  time  and  have  limited  additional  value.  A  more-complete  description  of  the  instrumenta¬ 
tion  is  given  In  Section  2.2.  Further  details  of  the  layout  of  instrumentation  are  given  in  Chap¬ 
ter  3  for  easier  reference  and  interpretation  of  data. 

In  addition  to  the  standard  thermal  measurements,  several  types  of  specialized  measure¬ 
ments  were  made.  In  particular,  measurements  were  made  at  extremely  low  energy  ranges 
of  the  high-altitude  burst  (Shot  10),  at  extremely  high  energy  ranges  and  over  various  mater¬ 
ial  plots  during  Shot  12,  and  under  the  smoke  layer  during  Shot  5.  The  instrumentation  for 
Shot  10  Is  given  in  Table  2.2. 

The  abbreviations  used  are  the  same  as  those  for  Table  2.1,  except  that  “PC”  is  used  to 
denote  the  number  of  photronic-cell  measurements.  The  numbers  and  types  of  instruments 
used  were  limited  by  the  preparation  time  available. 

The  extremely  high  energy-range  measurements  made  during  Shot  12  consisted  of  determin¬ 
ations  of  the  thermal  input  at  grade  level  on  the  various  plots  of  materials  and  a  limited  number 
of  measurements  at  an  elevation  of  10  feet.  These  measurements  are  listed  In  Table  2.3. 

The  abbreviations  used  to  head  columns  have  the  same  significance  as  those  used  for  Tables 
2.1  and  2.2.  The  measurements  listed  In  Columns  3  through  7  were  made  at  either  the  0-foot 
or  the  10-foot  elevation,  as  indicated.  Those  at  0  feet  were  intended  to  give  an  estimate  of  the 
thermal  energy  reaching  the  plot  surface  and  those  at  10  feet  to  indicate  the  energy  received  at 
early  times  above  the  smoke  and  dust  layer.  Further  details  of  Shot  12  Instrumentation  are 
given  in  References  9  and  17. 

The  measurements  made  under  the  smoke  layer  during  Shot  5  were  made  in  support  of 

17 


SECRET 


TABLE  2.1  INSTRUMENTATION  LAYOUT  KOli  STANUAUU 
THERMAL  MEASUREMENTS* 


2 

Ground  Distance 


1 

Shot 


1 

1 

2 

2 

3 

3 

5 

6 
6 
9 
9 


ft 

1,500 

3,000 

2,750 

4,950 

4,550 

5,410 

4,950 

5,200 

6,600 

1,500 

3,000 


3 


TE 


4 

SI' 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


r.  6 

EV  Rl) 


4  2 
4  2 
4  2 
4  2 
4  1 

4  1 
4  1 
4  2 
4  2 
4  2 
4  2 


•  Standard  thermal  measurements  are  those  made  with 
NRDL  Mark  6F  calorimeters  and  radiometers. 


TABLE  2.2  INSTRUMENT  LAYOUT  FOR  SHOT  10 

1  2  3  4  5 

Station  Distance  to  Ground  Zero  TE  SP  PC 

—  _  ^  _ 

8.4b-3  2,000,  east  5  4  6 

410  34,216,  south  1  —  — 


TABLE  2.3  THERMAL  INSTRUMENTATION  FOR  SHOT  12  MATERIAL  PLOTS 


1 

Distance  to 
Ground  Zero 

2 

Material 

in  Plot 

3 

RD  at  0  ft 

4 

TE  at  0  ft 

5 

TE  at  10  ft 

6 

FV  at  10  ft 

7 

RD  at  10  ft 

ft 

1,000 

Water 

1 

1 

1 

1 

2,500 

Water 

— 

— 

1 

1 

_ 

1,000 

Asphalt 

1 

1 

1 

1 

_ 

2,000 

Asphalt 

1 

1 

1 

1 

_ 

1,000 

Desert 

1 

1 

1 

1 

200 

Desert 

1 

1 

1 

1 

— 

2,000 

Concrete 

— 

1 

-  . 

_ _ 

2,000 

Fir  Boughs 

1 

1 

_ 

_ 

- 

2,000 

Ivy 

1 

1 

_ 

_ 

_ 

2,000 

Painted  Wood 

1 

1 

_ 

_ 

- 

2,000 

Soil 

1 

1 

— 

— 

— 
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Project  8.3,  Army  Chemical  Corps.  These  measurements  are  outlined  in  Table  2.4.  Further 
details  of  Shot  5  instrumentation  can  be  found  in  Reference  6. 

The  headings  of  Columns  2  through  5  list  the  function  and  field  of  view  of  the  instruments. 

All  instruments,  except  the  goniometric  measurements  (GM,  listed  in  Column  4,  Table  2.4) 
were  aimed  at  air  zero. 

In  addition  to  the  measurements  listed  in  Table  2.4,  Project  8.4b  provided  thermal  In¬ 
struments  and  technical  assistance  to  several  other  projects.  Standard  Mark  6F  calorimeters 
and  radiometers  were  supplied  to  Project  5.1  for  use  in  measuring  the  thermal  input  to  an  air¬ 
plane  parked  relatively  close  to  ground  zero.  Standard  instruments  were  also  supplied  to 
Project  5.5  for  use  in  measuring  the  thermal  input  to  aircraft  components  positioned  at  close 
range.  Special  calorimeters  and  radiometers  for  extremely  high  energy  ranges  were  supplied 
to  Project  5.4  for  use  in  the  determination  of  the  thermal  input  to  specimens  of  Interest  in  the 
design  of  ballistic  missiles.  A  total  of  more  than  300  individual  thermal  instruments,  con¬ 
structed  and  calibrated  by  the  Thermal  Radiation  Branch,  Naval  Radiological  Defense  Labora¬ 
tory,  were  supplied  to  the  various  participating  agencies. 

2.2  DESCRIPTION  OF  INSTRUMENTATION 

The  Mark  6F  instrumentation  was  similar  to  that  used  during  Operation  Upshot-Knothole  and 
is  described  in  detail  in  the  basic  thermal  report  for  that  operation  (References  4  and  18).  The 
detecting  instraments  used  were  the  Mark  6F  calorimeters  and  radiometers,  the  signals  from 
which  were  recorded  on  oscillographic  recorders. 

The  Mark  6F  calorimeter  is  essentially  a  blackened  copper  disk  with  a  thermocouple,  either 
silver-soldered  on  the  back  face  or  embedded  in  the  geometrical  center  of  the  disk.  The  de- 


TABLE  2.4  INSTRUMENTATION  UNDER  SMOKE  LAYER 
ON  SHOT  5 


1 

2 

3 

4 

5 

Distance  to 
Ground  Zero 

TE 

TE 

CM 

SP 

Field  of  View 

90  deg 

180  deg 

180  deg 

90  deg 

ft 

1,000 

2 

2 

8 

— 

1,400 

2 

— 

6 

4 

1,900 

2 

2 

8 

— 

tecting  disk  receives  energy  from  a  field  of  view  of  90  degrees  total  angle  and  is  covered  with 
a  quartz  window.  The  output  signal  is  carried  to  the  recorder  over  a  pair  of  twisted  and 
shielded  wires.  The  recorder  used  is  a  recording  oscillograph  employing  d’Arsonval  galva¬ 
nometers  and  a  moving  strip  of  photosensitive  paper.  Proper  series  and  shunt  resistors  are 
used  to  adjust  the  level  of  the  signal  and  to  provide  the  correct  damping  for  the  galvanometers. 

The  Mark  6F  radiometer  consists  of  a  thin,  blackened  silver  foil  mounted  over  a  hole  in  a 
massive  copper  block.  Constantan  wires  attached  to  the  center  of  the  foil  and  to  the  edge  of  the 
hole  provide  two  thermocouples,  which  permit  measurement  of  the  temperature  difference 
from  the  center  of  the  foil  to  its  edge.  The  field  of  view,  filter,  and  recording  system  are 
similar  to  those  used  with  the  Mark  6F  calorimeter. 

The  special  instrumentation  used  for  Shot  10  consisted  of  both  commercial  detectors  and 
the  Mark  7F  calorimeter,  which  was  designed  specifically  for  this  purpose.  The  commercial 
instruments  used  consisted  of  ten-junction  thermopiles  available  from  the  Mlnneapolls- 
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Honeywell  Company  and  have  been  described  In  detail  by  Harrison  and  Wannamaker  (Reference 
10).  This  instrument  was  lacking  in  some  of  the  characteristics  desirable  in  measuring  a 
transient  pulse  of  the  type  observed  from  a  nuclear  detonation,  but  had  the  advantage  of  being 
available  in  the  limited  time  In  which  the  instrumentation  was  assembled.  The  thermopiles 
were  given  an  added  coating  of  a  diffuse  black  to  increase  their  absorptivity  and  make  the  re¬ 
ceiving  surface  diffuse.  Special  adaptors  were  then  used  to  enable  the  thermopiles  to  be 
mounted  in  a  case  similar  to  that  used  for  the  Mark  6F  instruments. 

The  principal  disadvantage  of  the  thermopiles  was  their  high  rate  of  heat  loss.  The  thermo¬ 
pile  loses  heat  too  slowly  to  record  the  thermal  radiant  power  versus  time,  and  loses  heat  too 
rapidly  to  properly  record  the  integrated  energy,  with  the  realization  that  large  corrections 
would  be  necessary  to  obtain  the  final  energy  values.  To  avoid  full  reliance  upon  these  correc¬ 
tions,  these  instruments  were  used  primarily  to  obtain  the  broad-band  spectral  distribution, 
where  to  a  first  approximation,  only  the  comparative  readings  between  instruments  are  impor¬ 
tant.  The  absolute  radiant  energy  was  measured  with  the  newly  designed  Mark  7F  calorimeter. 

The  Mark  7F  calorimeter  was  designed  on  the  same  theoretical  basis  as  the  Mark  6F  instru¬ 
ments,  i.e.,  a  receiver  thickness  small  enough  to  give  20  msec  or  better  time  response  and 
great  enough  to  keep  the  rate  of  heat  loss  low  enough  so  that  the  corrections  to  be  applied  to  the 
recorded  deflection  would  be  a  small  percentage  of  that  deflection.  The  additional  design  fea¬ 
tures  Involved  were  extension  of  the  sensitivity  to  low-energy  regions  without  an  increase  in  the 
rate  of  heat  loss  and  simplification  in  the  arrangement  for  mounting  the  receiver  disks. 

The  extension  to  low-energy  ranges  was  achieved  by  the  use  of  a  large  number  of  individual 
disks,  each  disk  being  essentially  a  Mark  6F  calorimeter  in  Itself.  If  the  disks  are  carefully 
constructed,  the  net  result  is  simply  a  multiplication  of  the  output  signal  by  the  number  of  disks 
used.  By  combining  20  identical  disks,  each  having  an  output  of  1  mvolt/(cal/cm^)  and  a  heat 
loss  of  5  pct/sec  the  resultant  instrument  has  an  output  of  1  mvolt  per  Vjo  cal/cm*.  but  main¬ 
tains  a  heat  loss  of  5  pct/sec.  Further  design  makes  it  possible  to  make  the  resistance  of  the 
Instrument  exactly  the  value  required  for  the  proper  damping  of  the  galvanometer  used  in  the 
recorder,  thus  achieving  the  maximum  possible  deflection  while  still  maintaining  proper 
damping. 

The  mounting  of  the  individual  disks  was  simplified  because  of  the  relatively  small  tempera¬ 
ture  rise,  of  the  order  of  a  few  degrees,  as  contrasted  with  the  several-hundred-degree  tem¬ 
perature  rise  sometimes  encountered  with  the  Mark  6F  instruments.  While  the  higher  temper¬ 
ature  required  an  invariable,  nonconducting,  mechanical  mount,  it  was  possible  to  use  lucite 
cementing  techniques  in  the  case  of  the  lower  temperatures.  It  was  also  possible  to  use  dead- 
air  spaces  of  the  proper  proportions  so  as  to  minimize  the  convective  losses  of  the  disks  and 
thus  balance  out  the  added  conductive  losses  caused  by  the  larger  area  of  support  in  the  cement¬ 
ing  method.  Only  the  preparation  time  available  limited  the  number  of  these  instruments  used. 
The  signals  from  both  the  ten-junction  thermopiles  and  the  Mark  7F  calorimeters  were  recorded 
in  a  manner  similar  to  that  used  for  the  Mark  6F  calorimeters. 

The  instrumentation  required  for  Shot  12  was  for  use  at  energy  ranges  higher  by  a  factor  of 
ten  than  the  energy  ranges  for  which  the  Mark  6F  instruments  were  designed.  The  instruments 
designed  for  this  purpose,  designated  the  Mark  8F  calorimeters  and  radiometers,  were  again  a 
modification  of  the  Mark  6F  design.  The  diffuse  black  surface  of  platinum  black  was  replaced 
by  a  diffuse  white  surface  of  magnesium  oxide.  The  absorptivity  of  the  receiving  element  was 
thus  lowered  by  a  factor  of  about  seven  without  changing  the  other  characteristics  of  the  instru¬ 
ments.  This  procedure  permitted  use  of  the  Mark  8F  instruments  and  thus  provided  a  simpli¬ 
fication  of  the  field  instrumentation. 

The  Instrumentation  used  under  smoke  on  Shot  5,  at  some  locations  on  Shot  12,  and  in  the 
field-of-view  measurements  on  other  shots,  required  the  use  of  the  Mark  6F  instruments  with 
a  180-degree  field  of  view  rather  than  the  standard  90-degree  field  of  view.  A  dome  filter  was 
designed  and  fabricated  from  quartz  for  this  purpose.  Under  the  conditions  that  the  radius  of 
the  dome  be  large  and  the  wall  section  thin,  the  rounded  cover  causes  little  or  no  error  to  be 
Introduced.  In  fabrication,  however,  it  was  not  possible  (due  to  the  short  time  available)  to 
form  the  quartz  domes  completely  free  from  defects.  As  a  result,  the  domes  had  a  small 
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imperfection  directly  normal  to  the  receiving  surface.  This  Imperfection  had  the  same  effect 
as  a  small  convex  lens.  In  selecting  the  domes  for  use,  an  attempt  was  made  to  select  domes 
in  which  this  “lens”  had  a  focal  length  of  greater  than  half  the  distance  to  the  receiving  disk. 
For  this  situation,  no  energy  is  added  to  or  subtracted  from  the  amount  the  disk  would  receive 
if  the  lens  effect  were  not  present. 

Several  variations  of  the  standard  Mark  6F  instruments  were  also  used  for  various  shots. 
The  broad-band  spectral  distribution  was  measured  by  replacing  the  quartz  windows  of  the  90- 
degree  instruments  with  Corning  glass  filters  of  suitable  transmission  characteristics.  The 
details  of  these  filters  are  given  in  Chapter  4  to  avoid  repetition.  The  filters  used  were  sim¬ 
ilar  to  those  used  during  previous  operations.  The  fields-of-view  measurements  were  made 
by  extending  the  length  of  the  calorimeter  cases  so  that  the  front  of  the  case  limited  the  field 
of  view  to  the  desired  total  angle.  All  other  details  of  these  instruments  were  identical  to  the 
standard  instruments. 

The  instrumentation  provided  for  other  projects  was  all  of  the  standard  Mark  6F  variety, 
with  the  exception  of  that  provided  for  Projects  5.4  and  5.5;  this  nonstandard  instrumentation 
was  designed  and  constructed  in  a  fashion  similar  to  that  used  for  the  Project  8.4b  hlgh-energy- 
range  measurements  during  Shot  12.  Standardization  of  instrument  characteristics  and  re¬ 
cording  techniques  was  carried  out  wherever  possible,  because  of  the  extremely  large  number 
of  measurements  employed. 
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Chapters 

RESULTS 

standard  thermal  measurements  were  made  during  Shots  1,  2,  3,  5,  6,  and  9.  In  several  cases 
data  were  lost  at  one  of  the  two  stations  on  these  shots,  but  in  all  cases  data  are  available  from 
a  second  station.  The  loss  of  data  was  due  to  failure  of  the  paper  drive  mechanism  in  the  re¬ 
corders,  caused  by  swelling  of  the  photographic  paper  due  to  excess  moisture  in  the  recording 
shelters.  Since  elimination  of  the  moisture  is  not  always  feasible,  a  special  type  of  film,  also 
less  sensitive  to  gamma  radiation,  has  since  been  used  to  replace  the  paper.  No  recorder  fail¬ 
ures  have  been  reported  since  the  new  film  has  been  in  use. 

Satisfactory  thermal  measurements  were  made  during  Shot  10  from  a  station  2,000  feet  east 
of  ground  zero.  Results  were  obtained  under  the  smoke  screen  during  Shot  5  up  to  the  time  of 
shock  arrival  at  each  of  the  thiee  stations.  The  results  at  the  material  plots  for  Shot  12  were 
pour.  Appruxiniately  half  of  the  data  were  lost  due  to  some  type  of  recorder  failure  never  be¬ 
fore  experienced,  and  as  yet  unexplained. 

3.1  STANDARD  THERMAL  ENERGY 

Integrated  values  of  the  thermal  energy  (cal/cm^)  arriving  at  the  detecting  units  of  Mark  6F 
calorimeters  are  given  in  Tables  3.1  through  3.8.  Energy  values  are  reported  in  tabular  form 
from  time  zero  to  twelve  specified  times  of  interest.  The  significance  of  these  particular 
times  is  discussed  in  Chapter  4.  The  energy  values  listed  in  these  tables  represent  the  energy 
transmitted  by  the  filters  used  on  each  instrument  and  must  be  corrected  for  filter  transmission 
to  obtain  the  energy  Incident  at  the  measuring  station.  Transmission  curves  for  all  filters  and 
methods  of  correction  are  given  in  Chapter  4.  The  column  headings  list  the  various  types  of 
measurements  made  at  each  location,  and  have  the  following  meanings: 

FV  180;  A  black  receiver  protected  by  a  thin  quartz  dome.  Included  angle  of  field  of  view  is 
180  degrees  (2r  steradlans). 

FV  90:  A  black  receiver  protected  by  a  Hat  quartz  filter.  Included  angle  of  field  of  view  is 
90  degrees. 

FV  45:  Same  as  FV  90  except  that  included  angle  is  45  degrees. 

FV  22;  Same  as  FV  90  except  that  included  angle  is  22  degrees. 

FV  11:  Same  as  FV  90  except  that  included  angle  is  11  degrees. 

SP  052:  A  black  receiver  protected  by  ?  flat  Corning  0-52  filter.  Included  angle  of  field  of 
view  is  90  degrees  (Reference  11). 

SP  369:  Same  as  SP  052,  but  with  Corning  3-69  filter. 

SP  258:  Same  as  SP  052,  but  with  Corning  2-58  filter. 

SP  756:  Same  as  SP  052,  but  with  Corning  7-56  filter. 

Although  the  energy  values  are  given  to  as  many  as  four  significant  figures,  the  accuracy  is 
not  of  this  order  of  magnitude.  The  accuracy  of  the  data  is  discussed  in  Section  4.2. 

3.2  HIGH- ALTITUDE  BURST 

Shot  10  was  a  high-altitude  shot  of  low  yield,  so  that  the  energy  incident  at  the  ground-zero 
station  was  two  orders  of  magnitude  lower  than  that  generally  measured  with  the  standard 
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TABLE  3.1  CALORIMETER  RESULTS,  SHOT  1* 


Station  220.  slant  range  2,428  ft. 


Time 

Type 

of  Measurement 

FV180 

FV180 

FV90 

FV45 

(FV22)t 

SP052 

SP369 

SP258 

SP756 

sec 

cal/cm^ 

cal/cm* 

cal/cm^ 

cal/em* 

cal/cm* 

cal/cm* 

cal /cm* 

cal /cm* 

cal /cm* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.024 

0.245 

0.115 

0.126 

0.117 

0.064 

0.126 

0.102 

0.066 

0.017 

0.043 

0.979 

0.577 

0.654 

0.586 

0.128 

0.692 

0.441 

0.298 

0.104 

0.0S3 

1.406 

0.922 

1.079 

0.193 

1.130 

0.644 

0.431 

0.067 

1.954 

1.381 

1.654 

1.286 

0.183 

1.694 

0.914 

0.596 

0.241 

0.086 

2.501 

1.897 

2.287 

1.636 

0.193 

2.318 

1.184 

0.776 

0.344 

0.125 

3.107 

2.470 

2.998 

2.044 

0.257 

3.002 

1.521 

0.992 

0.464 

0.192 

3.590 

2.982 

3.565 

2.433 

1.851 

1.222 

0.584 

0.288 

4.077 

3.556 

4.203 

2.859 

0.514 

4.248 

2.228 

1.487 

0.722 

0.480 

4.503 

4.072 

4.774 

3.270 

0.643 

4.812 

2.602 

1.786 

0.878 

0.768 

4.872 

4.535 

5.281 

3.681 

0.709 

5.319 

2.978 

2.088 

1.071 

1.440 

5.316 

5.121 

5.901 

4.221 

0.842 

5.907 

3.440 

2.466 

1.323 

— 

6.076 

6.098 

6.834 

4.862 

0.975 

6.827 

4.208 

3.081 

1.798 

Accuracy!  RU  0.063 

RU  0.058 

RU  0.063 

RU  0.061 

RU  0.064 

RU  0.063 

RU  0.033 

RU  0.032 

RU  0.017 

*  These  data  must  be  corrected,  before  use,  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 

TABLE  3.2 

Station  8.4b- 

CALORIMETER  RESULTS.  SHOT 

1,  slant  range  5,005  ft. 

2* 

Time 

Type 

of  Measurement 

(FV180)t 

FV180 

FV90 

FV45 

FVll 

SP052 

SP369 

SP258 

SP756 

sec 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.034 

0.087 

0.072 

0.096 

0.084 

0.094 

0.044 

0.026 

0.061 

0.314 

0.255 

0.286 

0.290 

0.265 

0.284 

0.200 

0.133 

0.052 

0.437 

0.387 

0.412 

0.384 

0.406 

0.189 

0.078 

0.095 

0.538 

0.571 

0.556 

0.539 

0.568 

0.392 

0.267 

0.122 

0.782 

0.763 

0.748 

0.720 

0.762 

0.532 

0.366 

0.142 

0.177 

1.058 

1.002 

1.046 

1.023 

0.987 

1.049 

0.757 

0.522 

0.208 

0.272 

1.387 

1.343 

1.388 

1.347 

1.303 

1.393 

0.723 

0.311 

0.408 

1.597 

1.578 

1.605 

1.556 

1.501 

1.605 

1.199 

0.869 

0.404 

0.680 

1.785 

1.756 

1.803 

1.753 

1.649 

1.794 

0.510 

1.851 

1.889 

1.916 

1.871 

1.718 

1.898 

1.467 

1.105 

0.581 

2.040 

1.893 

1.953 

1.993 

1.957 

1.750 

1.970 

1.532 

1.160 

0.643 

— 

(2.00) 

(2.02) 

(2.05) 

(2.02) 

(1.57) 

(1.19) 

(0.694) 

Accuracy  !  RU  0.018 

RU  0.010 

RU  0.010 

RU  0.012 

RU  0.012 

RU  0.012 

RU  0.013 

RU  0.011 

RU  0.012 

*  These  data  must  be  corrected,  before  use,  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 
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TABLE  3.3  CALORIMETER  RESULTS,  SHOT  3* 


Station  8.4b-2.  slant  range  4,960  ft. 


Time 

Type 

of  Measurement 

(FV180)t 

FV180 

FV90 

FV45 

FVll 

SP052 

SP369 

SP258 

SP756 

sec 

cal/cm^ 

cal/cm^ 

cal/cm^ 

caJ/cm^ 

cal/cm* 

cal/cm* 

cal/cm^ 

cal/cm* 

cal/cm* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.043 

0.216 

0.186 

0.206 

0.199 

0.180 

0.209 

0.162 

0.103 

0.040 

0.077 

0.629 

0.586 

0.616 

0.605 

0.515 

0.610 

0.446 

0.118 

0.094 

0.859 

0.800 

0.839 

0.826 

0.704 

0.839 

0.607 

0.422 

0.156 

0.119 

1.177 

1.122 

1.162 

1.142 

0.988 

1.158 

0.835 

0.581 

0.222 

0.153 

1.581 

1.512 

1.562 

1.541 

1.352 

1.563 

1.153 

0.808 

0.312 

0.221 

2.226 

2.139 

2.196 

2.163 

1.912 

2.186 

1.669 

1.201 

0.480 

0.340 

3.054 

2.956 

3.031 

2.974 

2.549 

3.001 

2.365 

1.759 

0.765 

0.510 

3.648 

3.547 

3.634 

3.554 

2.978 

3.585 

2.907 

1.025 

4.193 

4.085 

4.180 

3.298 

4.113 

3.424 

2.657 

1.328 

1.3fi0 

4.481 

4.368 

4.475 

4.328 

3.460 

4.399 

3.704 

2.922 

1.534 

2.550 

4.650 

4.548 

4.668 

4.484 

3.551 

4.579 

3.803 

3.084 

1.699 

— 

4.723 

4.696 

4.837 

.  4.606 

3.600 

4.704 

3.950 

3.152 

1.791 

Accuracy!  HU  0.019 

HU  0.010 

RU  0.010 

RU  0.012 

RU  0.012 

RU  0.011 

RU  0.014 

RU  0.011 

RU  0.013 

*  These  data  must  be  corrected,  before  use,  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 

TABLE  3.4 

Station  8.4b- 

CALORIMETER  RESULTS,  SHOT 

1,  slant  range  4,676  ft. 

5* 

Time 

Type 

of  Measurement 

(FV180)t 

FV180 

FV90 

FV45 

FVll 

SP052 

SP369 

SP258 

8P756 

sec 

cal/cm^ 

cal/cm^ 

cal/cro^ 

cal/cm* 

Cal/CTT? 

cal/cm^ 

cal/cm’ 

cal/cm‘ 

cH/cjif 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.036 

0.134 

0.107 

0.126 

0.128 

0.112 

0.127 

0.100 

0.060 

0.026 

0.064 

0.402 

0.332 

0.364 

0.368 

0.322 

0.366 

0.264 

0.179 

0.067 

0.078 

0.549 

0.470 

0.517 

0.520 

0.459 

0.516 

0.364 

0.239 

0.093 

0.099 

0.766 

0.682 

0.730 

0.726 

0.655 

0.728 

0.514 

0.334 

0.132 

0.128 

1.020 

0.925 

0.986 

0.985 

0.888 

0.988 

0.701 

0.464 

0.180 

0.185 

1.428 

1.325 

1.392 

1.397 

1.253 

1.395 

1.002 

0.691 

0.278 

0.284 

1.882 

1,785 

1.860 

1.844 

1.657 

1.861 

1.384 

0.973 

0.411 

0.426 

2.325 

2.206 

2.298 

2.271 

2.003 

2.285 

1.745 

1.260 

0.570 

0.710 

2.677 

2.529 

2.647 

2.605 

2.243 

2.626 

2.050 

1.518 

0.732 

1.136 

2.927 

2.775 

2.904 

2.841 

2.399 

2.870 

2.262 

1.719 

0.914 

2.130 

3.085 

2.943 

3.080 

3.001 

2.493 

3.031 

2.403 

1.847 

1.051 

— 

3.127 

3.073 

3.214 

3.124 

2.512 

3.150 

2.472 

1.933 

1.150 

Accuracy!  RU  0.012 

RU  0.010 

RU  0.011 

RU  0.012 

RU  0.012 

RU  0.011 

RU  0.012 

RU  0.012 

RU  0.014 

*  These  data  must  be  corrected,  before  use,  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 
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t  See  Section  4.2  concerning  accuracy  of  results. 


TABLE  3.6  CALORIMETER  RESULTS,  SHOT  6* 


Station  221,  slant  range  6,698  ft. 


Type 

of  Measurement 

FV180 

(FV180)t 

FV90 

FV45 

FVll 

SP052 

SP369 

SP258 

SP756 

sec 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/cm^ 

cal/om 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.051 

0.132 

0.098 

0.107 

0.10? 

0.109 

0.102 

0.083 

0.066 

0.028 

0.091 

0.477 

0.365 

0.398 

0.390 

0.381 

0.391 

0.289 

0.212 

0.088 

0.111 

0.706 

0.543 

0.596 

0.585 

0.579 

0.595 

0.427 

0.316 

0.127 

0.141 

1.031 

0.821 

0.885 

0.884 

0.885 

0.882 

0.632 

0.461 

0.181 

0.182 

1.437 

1.149 

1.219 

1.218 

1.208 

1.219 

0.878 

0.644 

0.250 

0.263 

1.972 

1.651 

1.657 

1.656 

1.657 

1.653 

1.217 

0.919 

0.347 

0.404 

2.520 

2.236 

2.097 

2.091 

2.086 

2.088 

1.584 

1.234 

0.500 

0.606 

2.930 

2.664 

2.437 

2.430 

2.425 

2.415 

1.882 

1.500 

0.654 

1.010 

3.328 

3.013 

2.765 

2.750 

2.726 

2.720 

2.172 

1.764 

0.830 

1.616 

3.554 

3.242 

3.014 

3.001 

2.934 

2.962 

2.39S 

1.980 

0.997 

3.030 

3.695 

3.410 

3.196 

3.179 

3.018 

3.123 

2.540 

2.113 

1.141 

— 

3.738 

3.502 

3.294 

3.272 

3.028 

3.208 

2.597 

2.161 

1.214 

Accuracyt  RU  0.016 

RU  0.016 

RU  U.015 

RU  0.018 

RU  0.018 

RU  0.017 

RU  0.013 

RU  0.013 

RU  0.014 

*  These  data  must  be  corrected,  before  use.  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 


TABLE  3.7  CALORIMETER  RESULTS.  SHOT 
Station  220,  slant  range  2.397  ft. _  _ 


Time 

Type 

of  Measurement 

FV180 

(FV180)t 

FV90 

FV4r> 

(FV22)t 

SP052 

SP369 

SP258 

SP758 

sec 

cal  'em* 

cal/cm* 

cal/cm^ 

caJ  /cm* 

cal/cm^ 

cal/cm^ 

cal /cm" 

cal/cm^ 

cal/cm^ 

n.OOU 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0,037 

0.721 

0.605 

0.504 

0.451 

0.374 

0.462 

0.274 

0.192 

0.073 

0.066 

2.990 

3.221 

2.339 

2.077 

1.865 

2.306 

1.360 

0.893 

0.323 

(1.080 

4.357 

4.789 

3.500 

3.080 

2.816 

3.452 

1.990 

1.338 

0.465 

".102 

6.175 

7,036 

5.137 

4.521 

4.129 

5.044 

2.883 

1.969 

0.676 

(1.131 

7.693 

8.944 

6.716 

5.892 

5.386 

6.568 

3.741 

2.565 

0.888 

0.190 

9.030 

10.681 

8.241 

7.265 

6.587 

8.079 

4.651 

3.194 

1.099 

0.292 

10.356 

12.404 

9.807 

8.634 

7.833 

9.589 

5.616 

3.879 

1.347 

0.4.38 

11.346 

13.815 

11.110 

9.789 

8.871 

10.877 

6.495 

4.570 

1.578 

('  7.30 

12.235 

15.229 

12.483 

10.999 

9.917 

12.224 

7.472 

5.296 

1.924 

1.1 6N 

13.078 

16.359 

13.597 

11.976 

10.618 

13.311 

8.277 

5.971 

2.240 

l'.Um 

14.446 

17,986 

15.217 

13.300 

11.126 

14.823 

9.545 

7.060 

2.806 

- 

16.386 

20.079 

17.325 

I4.9R.3 

11.516 

16.735 

11.260 

8.706 

4.091 

'  cui’ac^  t 

RV  0.060 

RU  0.055 

RU  0.056 

RU  0.056 

RU  0.053 

RU  0.057 

RU  0.030 

RU  0.032 

RU  0.019 

‘  I  iK’st  djita  mu.st  be  corrected,  before  use,  as  descrilx'd  in  Chapter  4. 
'  >  .S'cii'in  4.2  cemcerning  accuracy  of  results. 
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Mark  6F  instrumentation.  Satisfactory  total-energy  results  were  obtained  with  the  Mark  7F 
calorimeter  designed  for  this  purpose.  Only  one  such  instrument  was  used,  however,  at  the 
ground-zero  station.  Preparation  time  permitted  the  construction  of  only  three  such  instruments, 
which  were  used  in  the  airborne  station  (Reference  12),  Station  410,  and  the  ground-zero  station 

TABLE  3.8  CALORIMETER  RESULTS.  SHOT  9* 


Station  221,  s lant  range  3,606  ft. 


Ti  me 

Type 

of  Measurement 

FV180 

FV180 

FV90 

FV45 

FVll 

SP0S2 

SP369 

SP258 

SP756 

sec 

cal/cm* 

cal/cm* 

cal/cm* 

cal /cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal /cm* 

cal/cm* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.037 

0.530 

0.193 

0.186 

0.196 

0.187 

0.196 

0.119 

0.091 

0.027 

0.066 

1.761 

0.914 

0.897 

0.900 

0.639 

0.905 

0.536 

0.363 

0.120 

0.080 

2.225 

1.391 

1.351 

1.356 

1.209 

1.353 

0.788 

0.544 

0.173 

0.102 

2.804 

2.020 

1.967 

1.961 

1.687 

1.955 

1.127 

0.777 

0.252 

0.131 

3.326 

2.646 

2. 'TO 

2.532 

2.143 

2.554 

1.466 

1.008 

0.331 

0.190 

3.865 

3.249 

3.167 

3.077 

2.579 

3.118 

1.803 

1.251 

0.411 

0.292 

4.471 

3.870 

3.774 

3.643 

3.035 

3.712 

2.165 

1.522 

0.505 

0.436 

4.969 

4.374 

4-272 

4.109 

3.387 

4.201 

2.525 

1.782 

0.599 

0.730 

5.512 

4.915 

4.810 

4.612 

3.739 

4.724 

2.906 

2.065 

0.723 

1.168 

5.947 

5.351 

5.235 

4.998 

3.662 

5.122 

3.200 

2,310 

0.839 

2.190 

6.574 

5.961 

5.847 

5.570 

4.059 

5.668 

3.669 

2.703 

1.052 

— 

7.404 

6.785 

6.663 

6.335 

4.137 

6.367 

4.291 

3.248 

1.532 

Accuracyt  RU  0.016 

HU  U.Ulb 

ftU  0.017 

HU  O.OIS 

RU  0.019 

RU  0.016 

RU  0.018 

RU  0.013 

RU  0.013 

*  These  data  must  be  corrected,  before  use.  as  described  in  Chapter  4. 
t  See  Section  4.2  concerning  accuracy  of  results. 


(8.4b- 3).  The  thermal  energy  (cal/cm^)  arriving  at  the  detector  of  the  instrument  at  ground  zero 
is  given  in  Table  3.9.  These  values  must  be  corrected  lor  filter  transmission  to  obtain  the  en¬ 
ergy  incident  at  the  station,  as  described  in  Chapter  4. 

Additional  measurements  were  completed  using  commercially  available  instrumentation  (see 
Chapter  2  and  Reference  10);  but  due  to  lack  of  time  and  manpower,  a  satisfactory  method  of 

TABLE  3.9  CALORIMETER  RESULTS,  SHOT  10* 


Station  8.4b-3t.  slant  range  32.565  ft. 


Time 

Energ>’ 

Time 

Energy 

sec 

cal/cm^ 

sec 

cal/cm* 

0.000 

0.0000 

0.172 

0.0442 

0.005 

0.0005 

0.190 

0.0454 

0.022 

0.0025 

0.258 

0.0491 

0.037 

0.0092 

0.292 

0.0502 

0.039 

0.0104 

0.430 

0.0535 

0.047 

0.0152 

0.438 

0.0537 

0.060 

0.0225 

0.688 

0.0550 

0.066 

0.0256 

0.730 

0.0551 

0.077 

0.0299 

1.168 

0.0554 

0.080 

0.0308 

1.290 

0.0555 

0.102 

0.0360 

2.190 

0.0558 

0.112 

0.0376 

Inf 

0.0558 

0.131 

0.0400 

— 

— 

*  This  data  must  be  corrected  before  use  as 
described  in  Chapter  4. 
t  Instruments  had  90  degree  field  of  view. 

data  reduction  has  not  yet  been  developed.  The  instruments  in  question  exhibit  variable  heat 
losses  and  variable  zero  drift,  both  of  which  are  dependent  upon  the  shape  of  the  input  pulse. 
Extensive  experimental  work  would  be  necessary  to  handle  these  corrections  analytically.  The 
Improvement  in  results  would  not  justify  the  expenditure  of  the  necessary  manpower,  since  it 
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TABLE  3.10  UNCORRECTED  CALORIMETER  RESULTS,  SHOT  10* 
Station  8.4b-3t.  slant  range  32,565  ft. _ 


Time 

Q 

Q 

Q 

Q 

3-69 

2-86 

7-56 

sec 

oal/cm* 

oal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

cal/cm* 

0.000 

0.0000 

0.0000 

0  0000 

0.0000 

0.0000 

0.0000 

8.0000 

0.005 

0.0005 

0.0005 

0.0005 

0.0005 

0  0001 

0.0000 

0.0001 

0.010 

0.0008 

0.0008 

0.0008 

0.0008 

0.0004 

0.0002 

0.0002 

0.015 

0.0012 

0.0014 

0.0013 

0  0013 

0.0007 

0.0004 

0.0003 

0.020 

0.0021 

0.0022 

0.0021 

0.0022 

0  0013 

0.0007 

0.0004 

0.025 

0.0035 

0 .0037 

0.0035 

0.0038 

0.0021 

0.0011 

0.0005 

0.030 

0.0051 

0.0054 

0.0052 

0.0053 

0.0029 

0.0016 

0.0007 

0.035 

0.0070 

0.0075 

0.0071 

0  0077 

0.0040 

0  0021 

0.0009 

0.040 

0.0089 

0.0097 

0.0093 

0.0097 

0.0051 

0.0027 

0.0011 

0.045 

0.0109 

00117 

0.0112 

0.0118 

0  0061 

0.0033 

0.0012 

*  See  Chapter  4  regarding  corrections  which  must  be  applied  to  this  data  before  use. 
t  Instruments  had  90  degree  field  of  view. 


TABLE  3.11  THERMAL  ENERGY  UNDER  SMOKE.  SHOT  5* 
Station  U,  slant  range  1.048  ft. _ 


Orientation 

Filter 

Field  of 
View 

Energy  to 
0.1  sec 

Energy  to 
0.2  sec 

Energy  to  t 
0.3  sec 

deg 

cal/cm* 

oal/cm* 

cal/cm* 

Air  zero 

Quartz 

180 

2.39 

6.35 

9.39 

Up  30  deg 

Quartz 

180 

2.44 

6.93 

10.52 

Up  60  deg 

Quartz 

180 

3.20 

8.86 

13.47 

Up  90  deg 

Quartz 

180 

2.09 

5.50 

8.15 

Up  120  deg 

Quartz 

180 

1.58 

3.97 

5.72 

Up  150  deg 

Quartz 

180 

1.56 

3.77 

5.14 

Vertical 

Quartz 

180 

2.54 

6.86 

10.32 

Air  zero 

Quartz 

180 

1.86 

5.70 

9.21 

Up  90  deg 

Quartz 

90 

2.16 

5.48 

7.92 

Up  90  deg 

Quartz 

90 

2.04 

5.08 

7.23 

Up  180  deg 

Quartz 

180 

1.11 

2.91 

4.19 

Left  90  deg 

Quartz 

180 

1.79 

4.46 

6.33 

*  See  Section  3.4  for  explanation  of  notation  and  data, 
t  Shock  arrival  at  approximately  0.3  sec. 
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is  known  from  other  results  that  the  variation  of  radiation  parameters  was  small  for  the  limited 
variation  in  altitude  for  Shot  10,  and  since  a  shot  having  larger  altitude  variation  is  planned. 

The  results  of  these  measurements,  covering  the  interval  from  zero  time  until  just  past  the  sec¬ 
ond  maximum  are  given  in  Table  3.10.  These  results  have  not  been  corrected  for  heat  losses 
during  the  exposure,  nor  for  zero  drift.  Both  of  these  corrections  increase  with  time;  the  total 


TABLE  3.12  THERMAL  ENERGY  UNDER  SMOKE,  SHOT  5* 
Station  ni,  slant  range,  1,436  ft. _ 


Orienution 

Filter 

Field  of 
View 

Energy  to 
0.1  sec 

Energy  to 
0.2  sec 

Energy  to 
0.3  sec 

Energy  to  t 
O.S  sec 

deg 

cal /cm* 

cal/cm* 

cal/cm* 

cal/cm* 

Air  zero 

Quartz 

90 

1.79 

4.27 

6.46 

9.40 

Air  zero 

Quartz 

90 

1.63 

4.00 

6.12 

9.07 

Air  zero 

0-52 

90 

1.54 

3.88 

5.98 

8.90 

Air  zero 

3-69 

90 

1.13 

2.99 

4.80 

7.39 

Air  zero 

2-58 

90 

1.04 

2.69 

4.32 

6.69 

Air  zero 

7-56 

90 

064 

1.65 

2.71 

4.42 

Vertical 

Quartz 

180 

1.56 

3.74 

5.48 

7.66 

Air  zero 

Quartz 

180 

2.04 

5.03 

7.68 

11.13 

Up  30  deg 

Quartz 

180 

2.02 

5.05 

7.73 

11.38 

Up  90  deg 

Quartz 

180 

1.56 

3.57 

5.12 

6.89 

Up  120  deg 

Quartz 

180 

0.95 

2.30 

3.32 

4  39 

Up  180  deg 

Quartz 

180 

0.73 

1.74 

2.53 

3.44 

•  See  Section  3.4  for  explanation  of  notation  and  data, 
t  Shock  arrival  at  approxinnately  O.S  sec. 

correction  amounts  to  about  20  percent  by  the  time  of  second  maximum.  The  column  headings 
Indicate  the  filters  used  on  the  various  instruments,  Q  indicates  a  fused  quartz  filter  (four 
Instruments),  and  the  other  numbers  refer  to  Corning  glass  filters.  All  Instruments  at  the 
ground  zero  station  had  a  field  of  view  whose  Included  angle  was  90  degrees.  The  only  instru¬ 
mental  failure  was  the  instrument  using  the  Corning  0-52  filter,  which  gave  no  deflection  what¬ 
ever.  The  choice  of  times  used  in  Tables  3.9  and  3.10  is  discussed  in  Cluqiter  4. 

3.3  SMOKE-SCREEN  EXPERIMENT 

The  total  thermal  energy  (cal/cm’)  received  under  the  smoke  screen  is  given,  for  various 
times  up  to  shock  arrival  at  each  station,  in  Tables  1.11,  3.12,  and  3.13.  The  data  has  been 
corrected  lor  filter  losses  and  represents  the  energy  incident  at  the  measurement  station. 

The  orientations  listed  refer  to  the  orientation  of  the  axis  of  the  instrument.  All  instruments, 
except  the  one  labeled  "Left  90  degrees, "  are  oriented  in  a  plane  that  includes  air  zero, 
ground  zero,  and  the  zenith.  The  angles  listed  refer  to  the  angle  between  air  zero  and  the 
optical  axis  of  the  Instrument.  The  instrument  labeled  "Left  90  degrees"  is  directed  hori¬ 
zontally  and  at  90  degrees  to  the  left  of  ground  zero.  The  instrument  labeled  "vertical”  points 
to  the  zenith.  The  fields  of  view  listed  are  the  total  included  angles  of  the  acceptance  cones  of 
the  instruments.  The  filter  designations  are  Q  for  fuzed  quartz,  and  0-52,  3-69,  2-58  and 
7-56,  for  the  respective  Corning  glass  filters. 


3.4  PLOTS  OF  SURFACE  SPECIMENS 

The  Shot  12  thermal  measurements  gave  satisfactory  results  for  the  asphalt,  concrete,  smd 
fir  plots  at  2,000  feet  and  for  the  basic  thermal  data  at  2,500  feet  over  the  desert.  The  results 
for  the  desert,  ivy,  soil,  and  wood  plots  at  2,000  feet,  as  well  as  for  the  plots  at  1,000  feet, 
were  lost  due  to  unejqplained  failures  of  the  recording  systems.  All  of  the  Instrumentation  had 
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TABLE  3.13  THERMAL  ENERGY  UNDER  SMOKE,  SHUT  5* 


Station  IV,  slant  range  1,925  ft. 


Field  of 

Orientation  Filter  View 

Energy  to 

0.1  sec 

Energy  to 

0  .2  sec 

Energy  to 

0.3  sec 

Energy  to 

0.5  sec 

Energy  to  t 
1.0  sec 

deg 

cal/cm^ 

cal /cm* 

cal/cm* 

cal /cm* 

cal/cm* 

Air  zero  Quartz  180 

0.35 

0.81 

1.22 

1.78 

2.30 

Up  30  deg  Quartz  180 

0.36 

0.85 

1.26 

1.82 

2.37 

Up  60  deg  Quartz  180 

0.33 

0.8''. 

1.26 

1.80 

2.25 

Up  90  deg  Quartz  180 

0.30 

0.69 

1.03 

1.46 

1.78 

Up  120  deg  Quartz  180 

0.24 

0.60 

0.84 

1.15 

1.35 

Up  150  deg  Quartz  180 

0.19 

0.48 

0.71 

0.98 

1.13 

Verticai  Quartz  180 

0.31 

0.73 

1.05 

1.48 

1.89 

Air  zero  Quartz  180 

0.29 

0.74 

1.12 

1.66 

2.16 

Air  zero  Quartz  90 

0.25 

0.59 

0.87 

1.33 

1.77 

Air  zero  Quartz  90 

0.20 

0.50 

0.79 

1.20 

1.70 

Up  180  deg  Quartz  180 

0.33 

0.54 

0.68 

0.89 

1.11 

Left  90  deg  Quartz  180 

0.22 

0.49 

0.71 

0.98 

1.30 

*  See  Section  3.4  fur  explanation  of  nutation  and  data, 
t  Shock  arrival  at  approximately  1.0  sec. 

TABLE  3.14  RESULTS  OF  THERMAL  MEASUREMENTS  ON  SHOT  12  PLOTS* 

Surface  Measurements 

12-Foot  Elevation 
Measurements 

Asphalt 

Concrete 

Fir  Boughs 

Asphalt 

Desert 

Quantity  Measured 

2,000  ft 

2,000  ft 

2,000  ft 

2,000  ft 

2,500  ft 

Time  to  first  obscuration  of 

instrument,  sec 

0.04 

0.05 

0.09 

0.22 

1.01 

Maximum  irradiance  to  instrument. 

(cal/cm*)/scc 

90 

234 

184 

— 

— 

Time  to  maximum  irradiance,  sec 

0.06 

0.11 

0.10 

0.20 

0.17 

Time  of  shock  arrival,  sec 

0.45 

0.51 

0.51 

0.45 

1.01 

Total  radiant  energy  received  to 

time  of  first  obscuration*  cal/cm^ 

0.9  to  2.0 

4.9 

6.5 

117 

— 

Radiant  energy  to  time  of  shock 

arrival*  cal/cm* 

6.1 

42 

41 

Off  scale 

85 

Radiant  energy  to  surface  until  time 
of  obscuration  of  instrument  at  12- 

ft  elevation,  cal/cm* 

— 

5.0 

— 

*  Sec  Section  3.S  and  Table  2.3  for  explanation  of  data. 
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quartz  filters.  The  available  data  are  given  in  Table  3.14.  All  values  quoted  have  been  cor¬ 
rected  for  filter  losses. 


3.5  THERMAL  RADIANT  POWER  VERSUS  TIME 

Measurements  of  the  shape  of  the  second  thermal  pulse  were  made,  using  Mark  6F  radiom¬ 
eters,  for  Shots  1,  2,  3.  5,  6,  and  9  (Figures  3.1  through  3.6).  Considerable  difficulty  has 
been  experienced  in  obtaining  reproducible  thermal  calibration  factors  for  these  instruments. 


Figure  3.1  Thermal  irradiance  versus  time.  Shot  1. 

so  the  curves  are  not  given  in  absolute  form.  The  time  response  of  these  instruments  was  too 
slow  to  resolve  the  first  thermal  pulse.  The  times  to  second  maximum,  and  the  best  value 
of  maximum  irradiance  at  each  station,  as  indicated  by  these  instruments,  are  given  in  Table 
3.15. 

Information  on  thermal  radiant  power  was  obtained  for  Shot  10  by  differentiation  of  the  Mark 


7F  calorimeter  data  and  is  shown  in  Figure  3.7.  The  time  to  second  maximum,  estimated 
from  all  the  Shot  10  data,  is  given  in  Table  3.15. 

3.6  FIREBALL  PHOTOGRAPHY 

The  cameras  operated  successfully  during  Shots  1,  2,  3,  6,  10,  and  under  the  smoke  for 
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Figure  3.6  Thermal  irradlance  versus  time,  Shot  9 


Shot  5.  The  cameras  failed  during  Shot  9  and  in  the  clear  area  during  Shot  5.  While  the  pri¬ 
mary  purposes  of  the  motion  pictures  were  to  determine  the  aiming  errors  for  calorimetric 
instrumentation  and  the  extent  of  local  dust  obscuration,  usable  data  concerning  late  time  fire¬ 
ball  sizes  and  geometries  can  also  be  obtained  from  the  films.  The  correction  for  aiming 


Figure  3.7  Thermal  irradiance  versus  time,  Shot  10. 

errors  was  less  than  1  percent  in  every  case  and  was  Ignored. 

The  cameras  used  were  16-mm-gun-sight-aiming-point  (GSAP)  cameras,  which  have  the 
single  virtue  of  being  inexpensive.  They  were  set  to  run  at  64  frames/sec  with  standard  120- 
degree  shutter  openings.  These  cameras  usually  run  between  50  and  60  frames/sec.  Expo- 


TABLE  3.15  THERMAL  RADIANT  POWER 


Shot 

Slant  Range 

Time  to 

Second  Maximum 

Irradiance  at 

Second  Maximum 

ft 

see 

(cal/cm')/sec 

1 

2,330 

0.047 

48 

1 

2,330 

0.049 

57 

2 

5,005 

0.068 

10 

2 

5,005 

0.068 

10 

3 

4,960 

0.085 

16 

5 

4,676 

0.061 

— 

5 

4,676 

0.071 

13 

6 

5,270 

0.100 

18 

6 

5,270 

0.103 

20 

6 

6,698 

0.101 

12 

6 

6,698 

0.129 

14 

9 

2,428 

0.073 

109 

9 

3,781 

0.073 

38 

9 

3,781 

0.087 

48 

10 

32,565 

(0.043) 

0.60 

TABLE  3.16  FIREBALL  MOTION-PICTURE 
FILMS 


Shot 

Slant  Range 

Film  Identification 

ft 

1 

3,950 

NRDL  t/p  306 

2 

5,005 

NRDL  t/p  311 

2 

5,005 

NRDL  t/p  313 

3 

4,960 

NRDL  t/p  322 

6 

5,270 

NRDL  t/p  392 

6 

6,698 

NRDL  t/p  393 

sures  were  varied  by  the  selection  of  appropriate  lens  stops  and  neutral  density  filters. 

The  film  used  was  a  special  Microfile  (Emulsion  SO-1112)  which  was  obtained  through  the 
courtesy  of  Edgerton,  Germeshausen  and  Grier,  Inc.  (EG&G).  When  properly  exposed  and 
developed,  this  film  exhibits  an  extremely  wide  exposure  latitude  that  is  more  than  cs^able 
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TABLE  3.17 

LATE  TIME 

FIREBALL 

DATA,  SIR)T  1 

Frame 

Max 

Radius 

Equiv 

Uadius 

Kquiv 

Siirkui  Arta 

Kqniv 

Volume 

Kquiv 
Flat  Area 

Figure 

Number 

nu‘tcrs 

in*‘li*rs 

i;m“  ■  lo'' 

em^  X  lo‘* 

cm*  X  10* 

Film  300  ; 

1 

19.0 

19.0 

0.45 

0.03 

0.11 

3.8 

2 

49.3 

49.3 

3.05 

0.50 

0.76 

3.8 

3 

58.7 

58.7 

4.34 

0.85 

1.08 

3.9 

4 

655 

62.2 

4.87 

1.01 

1.21 

3.9 

5 

67.8 

62.8 

4.95 

1.04 

1.21 

3.10 

6 

74.2 

62.6 

4  93 

1.03 

1.25 

3.10 

8 

82.0 

69.0 

5  98 

1.38 

1.45 

3.11 

12 

93.8 

75.9 

7.24 

1.83 

— 

3.11 

ID 

100.2 

78.8 

7.81 

2.05 

— 

3.12 

31 

101.1 

79.9 

8.02 

2.14 

— 

3.12 

TABLE  3.18 

LATE  TIME 

FIREBALL 

DATA,  SHOT  2 

Frame 

Max 

Radius 

Equiv 

Radius 

Equiv 

Surface  Area 

Equiv 

Volume 

Equiv 

Flat  Area 

Figure 

Number 

meters 

meters 

cm*  -  10* 

cm*  <  10‘* 

cm’  X  10* 

Film  311; 

1 

54.7 

54.7 

3.76 

0.69 

0.94 

3.14 

2 

66.5 

66.5 

5.56 

1.23 

1.39 

3.14 

3 

72.8 

72.8 

0.66 

1.62 

1.68 

3.15 

4 

78.4 

78.4 

7.73 

2.02 

1.95 

3.15 

5 

85.8 

80.6 

8.14 

2.14 

2.06 

3.16 

7 

95.6 

90.5 

9.47 

2.48 

2.02 

3.16 

11 

116.1 

104.3 

1121 

2.91 

2.02 

3.17 

Film  313: 

1 

41. 1 

41.1 

2.12 

0.29 

0.53 

3.20 

2 

60.0 

60.0 

4.53 

0.91 

1.13 

3.20 

3 

69.4 

69.4 

60.7 

1.40 

1.50 

3.21 

4 

74.5 

74.5 

6.98 

1.73 

1.74 

3.21 

5 

78.4 

78.4 

7.79 

2.01 

1.91 

3.22 

7 

91.9 

87.8 

9.42 

2.51 

2.00 

3.22 

11 

108.8 

102.6 

10.73 

2.72 

— 

3.23 

17 

129.4 

119.5 

14.47 

3.81 

— 

3.23 

TABLE  3.19 

LATE  TIME 

FIREBALL 

DATA,  SHOT  3 

Max 

Equiv 

Equiv 

Equiv 

Equiv 

Figure 

Frame 

Radius 

Radius 

Surface  Area 

Volume 

Flat  Area 

Number 

meters 

meters 

cm*  X  10* 

cm’  X  lO” 

cm’  X  10* 

Film  322: 

1 

41.4 

41.4 

2.16 

0.30 

0.55 

3.26 

2 

87.8 

87.8 

9.57 

2.75 

2.33 

3.26 

4 

104.1 

99.3 

12.0 

3.83 

3.82 

3.27 

5 

113.9 

108.4 

13.8 

4.52 

2.97 

3.27 

7 

127.3 

120.1 

16.3 

5.56 

3.36 

3.28 

9 

141.2 

134.0 

18.7 

6.27 

3.42 

3.28 

14 

156.7 

149.1 

31.4 

8.36 

4.09 

3.29 
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of  accommodating  the  extreme  variations  in  illumination  encountered  in  fireball  motion-picture 
photography.  This  film  is  a  fine-grain  variety  and  can  be  used  at  high  levels  of  nuclear  radia¬ 
tion  without  the  necessity  for  lead  shielding. 

The  films  usable  for  fireball  studies  are  summarized  in  Table  3.16. 

Films  from  Shot  10  were  not  used  in  fireball  studies,  because  the  extreme  slant  range  and 

TABLE  3.20  LATE  TIME  FIREBALL  DATA,  SHOT  6 


Frame 

Mux 

Radius 

Equiv 

Radius 

Equiv 

Surface  Area 

Equiv 

Volume 

Equiv 

Flat  Area 

Figure 

Number 

meters 

meters 

cm^  X  10® 

cm®  X  10*® 

cm®  X  10* 

Film  392; 

1 

67.6 

67.6 

5.74 

1.29 

1.30 

3.32 

3 

102.8 

102.8 

13.3 

4.55 

3.03 

3.32 

5 

119.5 

119.5 

17.7 

7.01 

4.06 

3.33 

6 

129.7 

124.1 

19.3 

7.84 

4.24 

3.33 

8 

132.3 

130.0 

21.4 

9.12 

4.74 

3.34 

11 

140.0 

139.5 

23.2 

10.1 

4.:8 

3.34 

16 

164.4 

156.2 

27.1 

11.6 

4.92 

3.35 

Film  393  : 

1 

80.6 

80.6 

8.17 

2.20 

1.27 

3.38 

3 

110.1 

110.1 

15.2 

5. 59 

2.37 

3. 38 

5 

131.1 

127.8 

20.5 

8.57 

3.10 

3.39 

6 

137.6 

129.4 

20.9 

8.96 

3.19 

3.39 

8 

143.2 

139.6 

23.9 

10.8 

3.48 

3.40 

11 

154.7 

150.7 

26.6 

11.4 

3.60 

3.40 

short  focal  length  made  the  image  too  small.  These  films  served  their  primary  purpose  of 
determining  the  calorimeter  alignment  error,  which  proved  negligible.  The  films  from  Shot 
5,  under  the  smoke,  show  that  the  stations  were  covered  with  smoke  at  least  until  the  time  at 
which  the  cameras  were  destroyed  by  flying  debris  in  the  shock  wave. 

Particular  frames  from  the  films  of  Table  3.16  were  enlarged  and  are  shown  in  Figures 
3.8  through  3.43.  The  enlargement  was  held  constant  throughout,  so  that  relative  measure¬ 
ments  can  be  made  from  these  figures.  An  absolute  scale  can  be  determined  for  each  film 
from  the  known  tower  heights,  except  for  Shot  1.  For  Film  306,  the  effective  focal  length  of 
the  camera-enlarger  system  can  be  found  from  the  five  remaining  fUms,  and  thus  an  absolute 

scale  determined. 

Timing  markers  were  not  used  on  these  films.  The  time  scale  was  based  on  an  alignment 
of  the  first  frame  to  coincide  with  the  EG&G  data  prior  to  breakaway,  and  the  assumption  that 
the  camera  speeds  were  between  50  and  60  frames/sec. 

Data  from  these  films  is  presented  in  Tables  3.17  through  3.20  and  is  plotted  in  Figures 
3.44  through  3.47.  The  horizontal  lines  represent  the  uncertainty  in  the  time  of  each  frame 
for  the  assumed  range  of  camera  speed.  At  early  times  the  fireball  is  spherical  and  is  well- 
defined.  At  later  times  its  edges  become  ragged  c  \d  prominences  i^ipear.  The  term  “max¬ 
imum  radius’’  is  used  to  denote  the  maximum  distai.oe  from  the  fireball  center  to  tip  of  the 
furthest  prominence.  Conduction  down  tower  cables  and  prominences  obviously  due  to  re¬ 
flected  shock  were  excluded. 

The  term  “equivalent  radius”  is  used  to  denote  the  radius  of  the  sphere  (or  partial  sphere) 

(Text  continued  on  Page  65) 
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Frame  1 


Frame  2 


Figure  3.8  Shot  1,  Film  306. 


Frame  3 


Frame  4 


Figure  3.9  Shot  1,  Film  306. 
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Frame  5  Frame  6 

Figure  3.10  Shot  1,  Film  306. 


Frame  8  Frame  12 

Figure  3.11  Shot  1,  Film  306. 
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Figure  3.12  Shot  1,  Film  306.  Figure  3.13  Shot  1,  Film  306. 


Frame  1 


Frame  2 


Figure  3.14  Shot  2,  FUm  311. 


Frame  3  Frame  4 

Figure  3.15  Shot  2,  Film  311. 
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Frame  5 


Frame  7 

Figure  3.16  Shot  2,  FUm  311. 
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Frame  11 


Frame  17 

Figure  3.17  Shot  2,  Film  311. 
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Frame  27 


Frame  44 

Figure  3.18  Shot  2,  Film  311. 
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Frame  78 

Figure  3.19  Shot  2,  Film  311. 


Frame  1  Frame  2 

Figure  3.20  Shot  2,  Film  313. 
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Frame  3 


Frame  4 

Figure  3.21  Shot  2,  Film  313. 
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Frame  7 

Figure  3.22  Shot  2,  Film  313. 
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Frame  11 


Frame  17 

Figure  3.23  Shot  2,  Film  313. 
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Frame  44 


Figure  3.24  Shot  2,  Film  313. 
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Frame  78 

Figure  3.25  Shot  2,  Film  313. 


Frame  1  Frame  3 

Figure  3.26  Shot  3,  Film  322. 
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Frame  5 

Figure  3.27  Shot  3,  FUm  322. 
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Frame  9 

Figure  3.28  Shot  3,  FUm  322. 
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Frame  22 

Figure  3.29  Shot  3,  Film  322. 


B1 

SECRET 


Frame  34 


Frame  5S 

Figure  3.30  Shot  3,  Film  322. 
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Frame  98 

Figure  3.31  Shot  3,  Film  322. 


Frame  1 

Frame  3 

Figure  3.32  Shot  6,  Film  392. 
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Frame  6 


Figure  3.33  Shot  6,  FUm  392. 
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Frame  8 


Frame  11 


Figure  3.34  Shot  6,  FUm  392. 
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Frame  16 


Frame  25 

Figure  3.35  Shot  6,  Film  392. 
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Frame  66 

Figure  3.36  Shot  6,  Film  392. 
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Frame  116 

Figure  3.37  Shot  6,  Film  392. 


Frame  1  Frame  3 

Figure  3.38  Shot  6,  Film  393. 
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Frame  5 


Frame  6 

Figure  3.39  Shot  6,  Film  393 
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Frame  8 


Frame  11 


Figure  3.40  Slwt  6,  Film  393. 
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Frame  16 


Frame  25 

Figure  3.41  Shot  6,  FUm  393. 
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Frame  40 


Frame  66 

Figure  3.42  Shot  6,  Film  393. 
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Frame  116 

Figure  3.43  Shot  6,  Film  393. 


TIM(  (SEC) 


Figure  3.44  Fireball  radius  versus  time,  Shot  1. 
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MAOtUS  IMCTCNS} 


Figure  3.4S  Fireball  radius  versus  time,  Shot  2. 
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Figure  3.46  Fireball  radius  versus  time,  Shot  3. 


Figure  3.47  Fireball  radius  versus  time,  Shot  6 
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that  represents  the  average  radius.  This  radius,  and  additional  parameters,  were  used  to 
determine  the  approximate  surface  or  radiating  area,  and  the  approximate  volume  of  hot  ma¬ 
terial.  The  equivalent  flat  area  refers  to  the  estimated  uniform  cross-sectional  source  area 
of  radiating  source  as  estimated  from  the  photographs  with  the  aid  of  a  planimeter.  It  allows 
for  obscuration  and  asymmetry  of  the  fireball.  These  estimates  are  generally  not  made  when 
the  areas  of  nonuniform  radiating  area  exceed  20  percent  of  the  total  radiating  area. 

The  degree  of  turbulence,  extent  of  prominences,  and  surface  details  are,  to  some  extent, 
a  function  of  the  photographic  film,  exposure,  and  processing.  However,  the  values  obtained 
are  probably  satisfactory  to  determine  the  gross  characteristics  and  geometry  of  the  fireball. 
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Chapter  4 

DISCUSSION 

The  data  obtained  is  sufficient  to  partially  fulfill  all  of  the  objectives.  The  quantity  and  quality 
of  data,  however,  is  not  sufficient  to  completely  answer  all  the  problems  involved.  Several 
trends,  that  seem  to  be  apparent,  cannot  be  definitely  established  on  the  basis  of  Teapot  data 
alone,  because  the  variation  in  yield  of  nuclear  devices  on  which  measurements  were  made  is 
limited.  These,  and  a  few  of  the  more  general  phenomena  that  can  be  established  without 
doubt,  will  be  treated  later  in  this  chapter. 

The  quality  of  data  from  Shot  1  is  below  that  of  the  other  detonations  because  of  recorder 
noise.  A  new  junction  box,  mounted  on  the  recorder,  had  been  utilized  to  make  the  field  in¬ 
strumentation  simpler  and  more  portable.  In  the  rush  of  preparing  for  the  field  test,  this  new 
equipment  was  not  thoroughly  checked  out.  As  a  result,  the  records  from  the  first  shot  show 
noise  from  the  recorder  motor.  The  difficulty  was  quite  easily  eliminated,  once  it  had  been 
discovered.  The  total  energy  data  from  Shot  1  was  not  affected,  but  the  broad-band  spectral 
data  (which  requires  a  high  degree  of  precision)  and  the  data  for  instruments  of  small  fields 
of  view  (influenced  by  the  large  drop  error)  are  of  little  value,  since  extremely  accurate  align¬ 
ment  is  required. 

For  the  air  drops  (Shots  1,  9,  and  10)  the  drop  error  required  at  most  1  percent  correction 
to  the  total-energy  measurements  and  was  ignored. 

The  data  from  Shots  2,  3,  5,  6,  and  9  is  generally  very  good,  with  a  few  possible  exceptions 
caused  by  instrument  malfunction  or  poor  caiibration.  Some  data  was  discarded  when  it  was 
found  to  come  from  two  particuiar  caicrimeters  that  gave  resuits  greatly  different  from  sev¬ 
eral  similar  instruments  under  identical  exposure  conditions,  the  same  difference  being  noted 
during  several  shots.  In  one  such  case,  a  post-mortem  on  the  Instrument  revealed  an  inter¬ 
mittent  connection,  and  in  the  other  case  the  instrument  failed  completely  during  Operation 
Redwing. 

A  high  percentage  of  the  data  was  lost,  due  to  failures  in  the  recording  systems  for  Shot  12. 
White  it  is  true  that  difficulties  were  known  to  be  of  a  great  magnitude  in  using  this  particular 
type  of  recording  system  at  ciose  ranges,  it  was  believed  that  these  difficulties  had  been  over¬ 
come.  A  trial  station  had  been  set  up  for  Shot  4,  and  the  system  functioned  perfectly  at  a 
closer  distance  to  a  higher-yield  device  than  for  Shot  12.  Similarly,  the  measurements  1,048 
feet  from  Shot  5  were  executed  without  difficulty.  The  malfunctions  on  Shot  12  were  of  a  type 
never  before  e;qperienced  and  are  not  yet  explained.  For  example,  a  particular  recorder  was 
activated  properly  at  minus  S  seconds  by  the  EG&G  relay,  that  also  activated  two  1-mlnute 
time-delay  switches  (agastats)  wired  in  parallel.  The  entire  system  was  powered  by  two  lead 
storage  batteries,  wired  in  parallel,  the  entire  station  being  some  30  feet  below  the  surface 
in  a  concrete  shelter.  The  recorder  ran  perfectly  and  quit  at  exactly  zero  time.  There  was 
no  visible  or  measurable  damage  to  any  part  of  the  recording  or  timing  system.  Several 
theories  involving  the  effects  of  nuclear  radiation  have  been  advanced,  but  none  that  bear 
repeating. 

The  measurements  during  Shot  5  under  the  smoke  were  made  without  difficulty,  until  the 
time  of  shock  arrival.  At  least  one  of  the  calorimeter  assemblies  was  demolished  by  a  tele¬ 
phone  pole  that  was  blown  outward  from  some  location  nearer  to  the  burst.  The  attenuating 


66 

SECRET 


effects  of  the  smoke  were  much  in  evidence  and  are  reported  in  detail  in  Reference  6. 

4.1  CALORIMETER  DATA 

Prior  to  Operation  Teapot,  calorimeter  data  had  not  been  fully  utilized  and  was  known  to  con¬ 
tain  errors  in  calibration  and  analysis  that  had  not  been  rectified  due  to  continuous  utilization 
of  available  personnel  in  field  test  participation.  An  attempt  was  made  during  Teapot  data 
analysis  to  correct  the  known  errors  and  to  report  the  data  in  such  a  manner  that  an  attempt  at 
theoretical  calculations  would  be  possible. 

The  calibration  errors  occurred  because  the  instrumentation  had  been  used  under  circum¬ 
stances  different  from  those  for  which  it  was  designed.  When  thermal  work  began,  there  were 
no  sources,  measuring  instruments,  or  standards  suitable  for  the  high  irradiances  and  energies 
involved.  Rather  than  await  the  outcome  of  a  lengthy  developmental  program,  instrumentation 
was  developed  that  satisfactorily  covered  a  narrow  set  of  conditions,  and  all  experiments  were 
conducted  within  these  limits.  Laboratory  and  field  experimentation,  however,  soon  required 
the  Instrumentation  to  be  used  outside  these  limits. 

Significant  errors  were  ultimately  detected,  and  it  was  found  necessary  to  spend  time  study¬ 
ing  the  operation  and  calibration  characteristics  of  the  instrumentation  in  order  to  report  data 
of  value.  This  study  has  been  completed  for  the  Mark  6F  calorimeter.  An  extensive  investiga¬ 
tion  of  the  Minneapolis-Honeywell  thermopile,  the  Mark  7F  calorimeters,  and  Mark  6F  radiom¬ 
eters  has  not  been  carried  out,  but  it  should  be  poihtud  out  that  the  data  taken  in  the  field  with 
these  instruments  are  a  matter  of  record  and  are,  in  themselves,  relatively  free  from  errors. 
The  difficulties  Involved  are  in  the  reduction  of  i...  uata  and  are  of  such  a  nature  that  they  can 
be  eliminated  by  laboratory  investigations,  and  repetition  of  the  field  experiments  should  not 
be  required.  The  methods  used  to  obtain  energy  data  from  calorimeter  records  and  calibration 
techniques  are  involved  and  are  covered  in  detail  in  Reference  18. 

The  probable  error  in  Teapot  Mark  6F  calorimeter  measurements  should  be,  in  general, 
about  ±  2  percent.  But  since  budgets  and  manpower  do  not  allow  for  adequate  duplication  of 
measurements,  there  is  no  sure  way  of  assessing  the  actual  error  in  an  individual  measure¬ 
ment.  In  addition,  there  are  some  notable  exceptions  and  conditions  to  be  observed.  Certain 
of  the  calorimeters  used  during  Operation  Teapot  were  later  destroyed  in  use  during  Operation 
Redwing  or  in  other  field  uses.  These  instruments  were  calibrated  prior  to  the  instrumental 
study  and  improvement  of  the  calibration  techniques,  and  no  method  is  available  to  obtain  an 
accurate  calibration.  Measurements  made  with  these  instruments  are  indicated  by  parentheses 
around  the  t^'pe  of  measurement,  e.g.(SP  052).  The  calibrations  of  these  instruments  can  be 
deduced  from  cross  calibration  to  within  better  than  ±  10  percent.  Thus,  taking  these  excep¬ 
tions  into  account,  where  data  from  one  instrument  on  one  shot  indicate  some  trend  different 
from  what  is  observed  on  similar  shots,  this  particular  measurement  may  well  be  an  experi¬ 
mental  error.  Where  such  a  trend  is  consistently  observed  on  several  shots,  it  may  then  be 
worthy  of  notice. 

Certain  conditions  must  also  be  observed  in  applying  the  ±  2  percent  probable  error.  This 
probable  error  is  certainly  not  applicable  to  the  total  thermal  energy  delivered  by  the  burst, 
nor  for  any  measurements  after  arrival  of  the  shock  wave  at  the  measurement  station,  nor 
when  large  amounts  of  dust  have  been  raised  between  the  burst  point  and  the  measurement  sta¬ 
tion.  Thermal  measurements,  integrated  over  the  entire  time  of  thermal  emission  of  a  burst, 
cannot  generally  be  expected  to  have  meaning,  nor  give  consistent  correlations  from  shot  to 
shot.  Late-time  readings  are  also  subject  to  greater  error,  since  the  correction  for  heat  losses 
of  the  receiver  increases  with  time.  Errors  in  application  of  heat-loss  corrections  are  usually 
negligible  at  times  less  than  a  second. 

It  is  well  known  that  many  of  the  parameters,  important  in  determining  the  characteristics 
of  the  thermal  radiation  from  a  detonation,  vary  considerably  with  time;  for  example,  fireball 
size  and  temperatures  vary  over  wide  ranges  during  any  particular  shot.  In  order  to  specify 
the  radiating  characteristics,  it  is  necessary  to  report  data  as  a  function  of  time,  rather  than 
the  total  radiation  over  all  times.  Since  it  would  not  be  feasible  to  list  values  for  every  point 
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In  time,  some  method  of  choosing  times  of  Interest  was  required.  Interpolation  could  then  be 
used  to  specify  the  characteristics  at  intermediate  times.  The  method  chosen  takes  into  ac¬ 
count  the  thermal  characteristics  of  the  detonation,  the  characteristics  of  the  measuring  in¬ 
strumentation,  the  feasible  means  of  data  reduction,  and  the  ultimate  interpretation  and 
application  of  the  data. 

Were  the  radiometer  type  of  instrumentation  further  developed  and  more  reliable,  this  tech¬ 
nique  could  be  applied  readily.  However,  the  integrating  calorimeter  type  of  Instrumentation 
is  further  developed,  and  most  of  the  available  data  have  been  taken  with  this  type  of  instru¬ 
mentation.  The  construction  of  the  Mark  6F  calorimeter,  however,  is  such  thiu  its  time 
response  is  fast  enough  so  that  differentiation  of  the  curve  of  energy  versus  time  yields  the 
ir radiance  versus  time.  As  a  practical  matter,  the  instantaneous  slope  of  the  curve  for  energy 
versus  time  cannot  be  determined,  with  sufficient  accuracy,  from  the  oscillographic  records. 
Thus,  a  different  technique  was  applied,  yielding  essentially  the  same  results. 

Instead  of  considering  what  obtains  at  a  particular  instant  of  time,  we  consider  Instead  what 
obtains  during  each  of  a  finite  number  of  short,  contiguous,  time  Intervals.  These  Intervals 
are  chosen  short  enough  so  that  the  average  radiating  characteristics  of  the  fireball,  during 
any  one  Interval,  have  meaning.  The  data-reductlon  problem  is  then  to  determine  AQ/At, 
rather  than  dQ/dt,  which  can  be  done  with  reasonable  accuracy.  This  technique  has  the  ad¬ 
vantage  that  all  of  the  radiation  is  used  in  arriving  at  the  final  data,  rather  than  spaced  points 
in  time,  and  also  that  an  error  in  reading  a  particular  AQ  from  the  osclllogrsq>hlc  record  Is 
compensated  for  in  the  following  AQ,  since  the  two  intervals  have  the  same  end  point  reading 
in  common.  Thus,  for  example,  a  low  color  temperature  in  one  time  interval,  caused  by  a 
trace  reading  error,  would  be  followed  by  a  high  color  temperature  in  the  following  time  inter¬ 
val.  Smoothing  of  the  final  results  then  presents  a  consistent  picture  of  the  variation  of  color 
temperature  with  time. 

Preliminary  examination  of  the  data,  fireball  photography,  and  the  ultimate  application  of 
the  data,  suggested  that  time  Intervals  be  chosen  in  such  a  fashion  that  each  contained  10  per¬ 
cent  of  the  total  energy  as  Integrated  over  all  time.  Several  difficulties  immediately  arose, 
however,  because  the  characteristics  of  the  fireball  change  many  orders  of  magnitude  during 
the  delivery  of  the  first  few  percent  of  the  energy  and  because  the  boundary  of  the  last  time 
Interval  (  t  equals  infinity)  is  difficult  to  locate.  The  intervals  were  then  shifted  to  consider 
eleven  Intervals,  the  first  and  last  containing  5  percent  of  the  energy  and  all  others  containing 
10  percent.  This  had  the  added  feature  that  the  time  to  second  maximum,  which  occurs  after 
delivery  of  about  20  percent  of  the  energy,  is  now  nicely  bracketed  by  the  15-to-25  percent 
time  Interval,  so  that  the  characteristics  at  the  second  maximum  may  easily  be  deduced  from 
the  data. 

Since  radiation  phenomena  have  been  found  to  scale  in  terms  of  the  time  to  second  maximum, 
standard  time  intervals  were  chosen  and  e}q>ressed  in  terms  of  this  time.  This  technique  al¬ 
lows  direct  comparison  between  different  detonations  without  extensive  manipolatlon  of  the  re¬ 
ported  data.  An  additional  adjustment  of  the  time  intervals  was  made  to  enable  easier  corre¬ 
lation  of  data  for  experimenters  who  have  been  using  ten  times  the  time  to  second  maximum  as 
a  time  limit  to  the  second  pulse. 

The  end  points  of  the  time  intervals  used  in  reporting  the  calorimeter  data  are  given  in 
Table  4.1  and  Figure  4.1.  These  values  were  selected,  in  the  manner  prescribed  above,  from 
rough  data  from  this  and  previous  operations  and  then  rounded  to  even  numbers  for  convenience. 
The  reported  daU  for  energy  versus  time  is  then  given  at  each  of  these  times  in  Tables  3.1 
through  3.8.  The  daU  on  Shot  10  are  given  for  the  scaled  times  of  both  Shots  9  and  10  in  Table 
3.9.  The  entries  in  Tables  3.1  through  3.8  are  given  to  as  much  as  lour  significant  figures, 
even  though  the  probable  error  does  not  seem  to  warrant  this.  This  was  done  because  most 
applications  of  the  data  require  further  calculations  to  be  performed  to  obtain  the  final  informa¬ 
tion.  In  all  calculations  based  on  this  data,  the  final  answer  should  be  rounded  to  three  sig¬ 
nificant  figures.  The  probable  error  in  the  calorimeter  data  is  ±  2  percent,  except  for  the 
entries  after  shock  arrival,  or  one  trace  reading  unit,  whichever  is  the  larger.  The  magnitude 
of  one  reading  unit  (1  RU)  is  given  below  each  column  In  Tables  3.1  through  3.8.  The  ^pplicca- 
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TABLE  4.1  BOUNDARIES  OF  TIME  INTERVALS 
USED  IN  REDUCTION  OF  CALORI¬ 
METER  DATA 


Interval 

Time 

units 

of  t 

12  max 

I 

0 

to 

0.5 

n 

0.5 

to 

0.9 

ni 

0.9 

to 

1.1 

IV 

1.1 

to 

1.4 

V 

1.4 

to 

1.8 

VI 

1.8 

to 

2.6 

vn 

2.6 

to 

4.0 

vra 

4.0 

to 

6.0 

IX 

6.0 

to 

10.0 

X 

10.0 

to 

16.0 

XI 

16.0 

to 

30.0 

xn 

30.0 

to 

00 

Figure  4.1  Time  intervals  used  in  data  correlation. 
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tion  of  standard  calorimeter  data  is  discussed  In  the  sections  that  follow,  which  Include  dis¬ 
cussions  of  thermal  yield,  color  and  power  temperatures,  and  atmospheric  attenuation. 


4.2  THERMAL  YIELD 

The  calorimeter  data,  given  In  Chapter  3,  can  be  used  to  give  a  fairly  accurate  estimate  of 
the  total  amount  of  thermal  energy  radiated  in  each  detonation.  This  computation  has  been 
performed  in  an  approximate  manner  in  previous  reports  (References  1  and  4)  for  the  special 
case  of  the  true  air  burst.  The  method  that  was  used  in  these  computations  Is  not  generally 
applicable  to  all  bursts  and  contains  errors  that  can  become  significant.  While  a  precise  de¬ 
termination  of  the  total  thermal  radiant  output  is  neither  feasible  nor  possible,  usable  values 
may  be  obtained  by  making  approximate  corrections  for  such  factors  as  asymmetrical  geometry, 
atmospheric  transmission,  filter  transmission,  and  obscuration.  This  process  is  discussed  in 
detail  in  Reference  18. 

The  geometrical  problem  is  essentially  one  of  computing  the  total  output  of  the  fireball  in 
all  directions  from  a  single  measurement  made  from  some  distant  point.  Such  a  computation 
can  be  approximated  as  long  as  the  fireball  is  well  defined  and  the  obscuration  is  held  to 
within  reasonable  limits.  When  the  fireball  is  well  defined,  the  energy  at  any  point  on  a 
sphere  concentric  with  the  fireball  and  including  the  measuring  instrument  in  its  surface  can 
be  assumed  proportional  to  the  projected  area  of  the  fireball  as  seen  from  that  po'nt.  Inte¬ 
gration  over  the  sphere  and  normalization  based  on  the  single  measured  value  yields  the  total 
energy  that  wculd  arrive  on  the  entire  sphere  were  the  fireball  and  the  sphere  isolated  in  a 
vacuum.  By  correcting  the  single  measured  value  for  atmospheric  and  filter  transmission 
and  obscuration,  to  obtain  the  energy  that  would  be  incident  at  the  single  point  were  it  in  a 
vacuum,  the  total  thermal  energy  radiated,  for  one  time,  may  be  computed.  This  entire 
process  must  be  carried  out  as  a  function  of  time,  and  the  results  summed  to  obtain  a  quantity 
called  the  calorimetric  thermal  yield. 

The  geometrical  correction  cannot  be  made  for  all  times  during  which  the  bomb  is  radiating, 
i.e.,  it  can  only  be  made  when  the  projected  area  of  the  fireball  has  been  measured  or  can  be 
computed  for  every  point  on  the  integrating  sphere.  Lacking  complete  photographic  coverage, 
the  correction  can  be  made  only  when  the  fireball  may  be  approximated  by  one,  or  a  series, 
of  regular  geometrical  figures.  This  can  usually  be  done  for  up  until  the  time  that  two  thirds 
of  the  energy  is  radiated.  At  about  that  time,  the  fireball  becomes  turbulent  and  mixes  with 
the  surrounding  air.  When  this  happens,  the  geometrical  correction  can  be  made  only  to 
within  limits  of  about  ±  25  percent.  But  since  only  about  a  third  of  the  energy  is  involved,  the 
thermal  yield  can  be  computed  to  about  ±  8  percent,  which  is  adequate  for  most  purposes. 

The  methods  for  handling  atmospheric  and  filter  corrections  are  straightforward,  but  also 
involve  some  approximations.  Both  of  these  corrections  require  the  spectral  distribution  of 
the  radiation  to  be  known.  If  this  is  the  case,  the  total  transmission,  (/>,  at  any  one  time, 
can  be  computed  based  on  the  following  type  of  formulation  (Reference  18): 


L  Jx  fx  dx 
0  =  — - 

Where:  Jx  =  the  spectral  intensity  of  the  source  at  wave  length  X 

Fx  =  the  transmission  of  the  atmosphere  at  wave  length  X  (Section  4.6) 
fp^  =  the  transmission  of  the  filter  at  wave  length  X  (Figure  4.2) 


(4.1) 


If  the  spectral  distribution  is  not  known,  the  correction  cannot  be  made  with  a  workable  de¬ 
gree  of  accuracy.  For  example,  in  a  typical  measurement  of  the  energy  incident  at  a  station, 
a  calorimeter  having  a  quartz  filter  might  measure  ipOcal/cm‘.  Of  this  energy,  about  0.5 
cal/cm^  can  be  shown  to  be  between  2,000  and  3,500  A .  The  filter  transmission  is  uniform 
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with  wave  length  In  this  region  and  presents  no  problem.  The  atmospheric  transmission  in 
this  spectral  region  can  vary  by  a  factor  of  ten  or  more  with  wave  length,  but  more  signifi¬ 
cant,  it  is  nearly  zero  for  the  distance  of  Interest.  Thus  in  correcting  the  0.5  cal/cm^  to  get 
the  source  intensity,  a  quantity  that  is  difficult  to  determine  accurately  must  be  divided  by  a 


Figure  4.2  Transmission  of  filters. 


number  approaching  zero.  Very  small  errors  in  the  measurement  or  correction  can  thus  lead 
to  enormous  uncertainties  in  thermal  yield. 

Similar  difficulties  arise  at  other  regions  of  the  spectrum,  if  the  spectral  distribution  of  the 
source  is  not  known,  when  atmospheric  absorption  bands  or  filter  cutoffs  make  the  transmission 
nonuniform  with  wave  length.  Thus,  even  if  it  were  possible  to  determine  the  energy  arriving  at 
the  station  in  broad  bands  by  differencing  the  readings  of  the  calorimeters  having  different  color 
filters,  these  values  could  not  be  corrected  to  obtain  the  source  output.  This  together  with  the 
geometrical  corrections,  are  the  heart  of  the  data  analysis  problem  and  the  reasons  why  other 
instrumentation  has  been  recommended  for  any  future  thermal  measurements  that  may  be  made 
at  field  tests. 

To  make  the  corrections  for  atmospheric  and  filter  attenuations,  it  is  necessary  to  assume 
a  spectral  distribution  and  test  to  see  if  it  is  capable  of  predicting  all  of  the  observed  results, 
which  are  of  many  varieties  and  are  measured  under  many  differing  conditions.  In  assuming  a 
spectral  distribution,  we  have  placed  the  requirement  that  at  least  80  percent  of  the  radiated 
energy  arrives  at  the  detecting  element  of  the  calorimeter,  so  that  the  correction  is  then  no 
more  than  20  percent  and  the  error  in  the  corrected  value  considerably  smaller. 

The  details  of  the  selection  of  a  spectral  distribution  are  treated  in  Reference  18.  The  im¬ 
portant  point  is  that  if  any  reasonable  spectral  distribution  is  assumed  and  if  correction  is  made 
for  atmospheric  attenuation,  the  thermal-yield  values  obtained  are  significantly  higher  than 
those  obtained  in  previous  calculations  (References  1  and  4).  An  indication  of  how  this  Increase 
takes  place  is  given  in  Section  4.5. 

The  correction  for  “obscuration”  is  more  than  a  correction  for  opaque  bodies  absorbing  ra¬ 
diation  that  would  otherwise  have  arrived  at  the  calorimeter.  It  includes  correction  for  reflec¬ 
tions  from  clouds,  the  earth’s  surface,  etc.  The  correction  is  made  by  use  of  a  photograph, 
representing  the  time  of  interest,  taken  by  a  camera  immediately  adjacent  to  the  calorimeter 
and  aimed  in  the  same  direction.  The  boundaries  of  the  fireball  are  first  sketched  in  suid  the 
total  area  of  uniformly  bright  fireball  area  determined.  Obscurations  are  then  handled  as  per¬ 
turbations  by  adding  and  subtracting  areas  weighted  in  accord  with  their  tqqparent  brightness  on 
the  photograph. 

Were  the  film  a  nonselective  receiver,  it  could  be  densitometered  and  an  accurate  correction 
obtained.  Since  this  is  not  the  case,  we  limit  the  cases  that  can  be  analyzed  to  those  in  which 
the  total  obscured  area  is  20  percent  or  less  of  the  total  fireball  area.  The  error  in  the  cor¬ 
rected  value  is  then  much  smaller  than  20  percent  and  gives  a  usable  result.  The  hot  stem  on 
tower  shots,  for  example,  is  treated  as  an  obscuration.  Sufficient  pictorial  data  was  included 
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in  Chapter  3  so  that  the  reader  may  verify  the  merits  of  this  technique. 

Thermal-yield  data  for  Shots  1,  2,  3,  6,  and  9  are  given  in  Table  4.2.  Shot  5  was  excluded, 
because  of  lack  of  photographic  data.  Shot  9  was  included,  even  without  photographic  data,  since 
it  was  a  true  air  burst  for  which  the  geometrical  and  obscuration  considerations  are  less  criti¬ 
cal  than  for  tower  or  surface  bursts.  Thermal -yield  data  for  each  shot  were  computed  for  each 
standard  time  interval. 

Certain  of  the  values  listed  in  Table  4.2  are  followed  by  footnotes.  This  indicates  that  the 
fireball  geometry  was  not  well  defined  during  the  time  interval  and  that  the  geometrical  cor¬ 
rection  is  thus  uncertain.  This  geometrical  correction  arises  because  the  fireball  may  radiate 
more  in  some  directions  than  in  others.  A  sphere,  for  example,  would  tend  to  radiate  uniformly 
in  all  directions,  whereas  a  hemisphere  of  horizontal  base  would  tend  to  radiate  more  toward 
the  zenith  than  toward  the  horizontal.  The  most-extreme  geometrical  correction  leads  to  an 
increase  of  about  SO  percent  in  the  total  thermal  energy,  as  compared  with  a  spherical  fireball. 
The  correction  approaches  this  magnitude  for  tower  shots,  measured  from  the  plane  of  their 

TABLE  4.2  THERMAL  YIELD 


Time  Interval  _ Thermal  Energy  Radiated  During  Time  Interval  10**  cal/cm^ 


Time 

Interval 

Scaled 

Time 

Shot  1 

Station  220 

Shot  2 

Station  8.4b-l 

Shot  3 

Station  8.4b-2 

Shot  6 
Station  220 

Shot  6 
Station  221 

Shot  9* 

Station  220 

Shot  9* 
Station  221 

I 

0  to  O.S 

1.11 

3.S4 

7.53 

7.31 

7.56 

3.90 

3.98 

U 

0.5  to  0,9 

4  86 

7.11 

15  6 

21.7 

20.9 

15.6 

16.0 

m 

0.9  to  1.1 

4.18 

4.45 

9.61 

14.7 

14.3 

10.1 

10.5 

IV 

1.1  to  1.4 

S.2S 

6.15 

14.1 

21.0 

21.8 

13.6 

13.7 

V 

1.4  to  1.8 

S.83 

8.06 

18.0 

26.6 

26.2 

12.8 

13.2 

VI 

1.8  to  2.6 

6.14 

13.2 

31.0 

36.2 

36.5 

12.1 

12.8 

VII 

2.6  to  4.0 

5.26 

18.8 

45.9 

41.0 

40.6 

12.4 

12.5 

VIII 

4.0  to  u.O 

5.58t 

12.4 

26.5t 

31. 6t 

32. 3t 

10.37 

10.3t 

IX 

6.0  to  10.0 

5.261 

10.3t 

28.0t 

31. 8t 

34.3t 

11. 2t 

U.5t 

x 

lO.O  to  16.0 

4.86t 

7.24t 

I7.4t 

27.2t 

29.7t 

9.88t 

9.711 

XI 

16.0  to  30.0 

6.27* 

«.2S 

13.8t 

27.8t 

29.5t 

18.  Ot 

16.4t 

XII 

30.0  to  « 

15.441 

6.94 

20.2t 

22. 4t 

24. 9t 

30.77 

31.4t 

Total  Thermal  Yield,  kt 

0.70 

1.04 

2.50 

3.09 

3.18 

1.58 

1.61 

Total  Yield,  kt 

1.16 

2.39 

6.85 

7.78 

7.76 

3.18 

3.18 

Thermal  Partition,  percent 

60 

44 

36 

40 

41 

50 

81 

*  Spherical  fireball  shape  assumed  In  the  absence  of  photographic  data. 

t  Indicates  that  fireball  is  no  longer  well-defined  and  that  geometrical  correction  is  thus  uncertain. 

See  text  for  further  explanation. 

of  their  horizontal  base,  where  their  fireballs  become  hemispherical  due  to  the  reflected  shock 
wave.  At  very  late  times,  where  the  convective  pattern  has  been  set  up,  the  fireball  tends  to 
lose  all  definition  and  again  approach  a  nondirectional  radiating  pattern,  which  requires  no 
geometrical  correction.  Thus,  for  tower  bursts,  the  correction  is  about  1.5  entering  Time 
Interval  VIII,  and  is  about  1.0  at  Time  Interval  XU.  Rather  than  attempt  an  estimate  of  how 
this  correction  would  vary  with  time,  a  standard  geometrical  correction  of  1.25  was  used  on 
all  tower  bursts  alter  the  fireball  became  undefined.  Since  about  a  third  of  the  energy  Is  ra¬ 
diated  during  this  time,  and  the  correction  uncertain  by  ±  20  percent,  the  net  error  due  to 
geometrical  corrections  is  probably  less  than  i  10  percent  over  the  whole  radiating  life  of  the 
fireball. 

For  the  small  air  bursts  well  away  from  the  ground  (Shots  1,  9,  and  10),  the  distribution  of 
radiated  energy  was  assumed  symmetrical.  This  assumption  probably  does  not  hold  when  the 
convective  pattern  has  been  established  and  the  familiar  doughnut  shape  is  in  evidence.  Thus, 
the  ±  10  percent  uncertainty  in  geometrical  correction  can  be  iqiplied  to  all  shots. 

Additional  uncertainties  arise  In  the  processes  of  making  transmission  corrections,  so  that 
the  values  for  total  thermal  yield  and  partition  listed  In  Table  4.2  are  probably  uncertain  by 
about  ±  15  percent. 

It  will  be  noted  that  the  thermal  yields  are  significantly  higher  than  previously  quoted  values 
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(References  1  and  4)  and  the  W/3  scaling  law.  The  general  increase  is  primarily  due  to  better 
techniques  in  handling  atmospheric  transmission  and  filter  transmission.  These  corrections, 
however,  if  ignored,  would  still  not  allow  the  data  to  even  approach  the  W/3  scaling  law,  since 
the  uncorrected  values  for  Shots  1  and  9  (and  Tumbler-Snapper  Shots  1  and  2)  are  above  40 
percent.  Further,  if  independent  determinations  of  blast  (27  percent)  and  nuclear  (15  percent) 
partitions  are  considered,  a  thermal  partition  approaching  60  percent  is  not  unreasonable  for  a 

1- kt  air  burst. 

The  thermal  yield  for  Shot  10  is  discussed  in  Section  4.11. 

4.3  BROAD-BAND  SPECTRAL  DISTRIBUTION 

A  subtractive  technique  may  be  applied  to  the  data  of  Tables  3.1  through  3.8  in  order  to  find 
an  approximate  spectral  distribution  of  the  energy  arriving  at  the  measuring  station.  For  ex- 
amole,  subtracting  the  readings  for  any  time  interval  of  calorimeters  having  Corning  3-69  and 

2-  58  filters  would  yield  the  approximate  energy  between  0.53  and  0.64  microns.  This  method 
is  only  approximate,  since  the  filter  transmissions  differ  in  more  than  one  region  of  the  spec¬ 
trum.  In  the  example  given,  the  difference  in  readings  also  includes  about  15  percent  of  the 
energy  between  2.7  and  3.4  microns.  In  practice,  atmospheric  transmission  and  probable  spec¬ 
tral  distribution  considerations  allow  this  subtractive  technique  to  yield  results  that  are  satis¬ 
factory  for  most  effects  experiments.  Corrections  should  also  be  applied  for  filter-reflectance 
losses,  if  absolute  energies  are  desired. 

The  results  obtained  by  this  technique  differ  for  each  shot  and  each  distance.  A  preferable 
description  of  the  spectral  distribution  is  given  in  Section  4.8  in  terms  of  color  temperature  of 
the  radiation  at  the  source.  Application  of  the  atmospheric  transmission  techniques  of  Section 
4.5  then  allows  computation  of  the  spectral  distribution  for  any  desired  location. 


4.4  IRRADIANCE  VERSUS  TIME 

Curves  for  irradlance  versus  time  are  given  in  Figures  3.1  through  3.6.  The  radiometers 
used  are  useful  in  determining  the  general  shape  of  the  pulse  at  each  station.  There  are  some 
uncertainties  in  calibration  factors,  time  response,  and  late-time  drift  associated  with  these 
instruments  that  would  require  a  fairly  extensive  theoretical  and  experimental  study  for  their 
complete  resolution.  Corrections  for  filter  transmission  and  atmospheric  transmission  would 
then  have  to  be  applied,  as  for  the  calorimeter  data,  in  order  to  determine  the  output  of  the 
source.  The  final  data  so  obtained  would  be  little  improved  over  the  calorimeter  data  given 
below  and  thus  does  not  merit  the  cost  and  manpower  required.  The  radiometer  pulse  8luq|>es 
given  should  be  more  than  adequate  for  effects  work. 

The  average  total  thermal  emission  of  the  fireball  during  each  time  interval  may  be  obtained 
by  dividing  the  corrected  energy  values  Table  4.2  by  the  length  of  the  corresponding  time  in¬ 
tervals.  The  results  of  this  calculation  are  given  in  Table  4.3.  This  data  was  in  turn  normal¬ 
ized  to  the  total  yield  of  each  shot  and  is  plotted  in  Figure  4.3  as  a  function  of  time  interval. 

The  values  for  interval  I  are  considerably  less  accurate  than  those  for  the  other  intervals,  be¬ 
cause  of  the  small  amount  of  energy  involved  and  the  rapidly  changing  conditions  of  geometry 
and  transmission.  Three  features  can  be  noted  from  Figure  4.3.  Firstly,  the  peak  irradlance 
decreases  as  the  yield  increases.  Secondly,  the  air-burst  pulse  shape  is  distinctly  different 
from  the  tower-burst  pulse  shape,  being  much  higher  and  sharper.  And  thirdly,  the  pulse  shi^m 
of  Shot  3,  where  lead  and  paraffin  were  employed  and  the  scal^  height  was  lower,  is  even  lower 
and  broader  than  the  other  tower  shots.  These  same  effects  may  also  be  observed  by  careful 
study  of  Figures  3.1  through  3.6. 

An  interesting  feature,  observed  on  all  shots  except  Shot  3,  is  the  time  dependence  of  the 
amount  of  energy  being  lost  by  the  fireball  after  about  twice  the  time  to  second  maximum. 
Extrapolation  of  this  slope  backwards  in  time  to  3  x  10~^  seconds  results  in  a  peak  temperature 
of  between  10*  and  lO'  K.  It  is  also  interesting  to  note  that  the  rate  of  loss  of  energy  by  elec¬ 
tromagnetic  radiation  following  the  time  of  this  high  temperature  has  nearly  the  same  time 
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dependence  as  is  here  observed  at  extremely  late  times.  This  time  dependence  is  not  evident 
in  late-time  data  that  has  not  been  corrected  for  atmospheric  and  filter  transmissions,  which 
have  appreciable  effects  at  these  times. 


4.5  ATMOSPHERIC  ATTENUATION 

The  experiments  conducted  in  connection  with  atmospheric  attenuation  were  of  two  basic 
types:  (1)  scattered  energy  versus  field  of  view  and  distance  and  (2)  total  energy  versus  wave 
length  and  distance. 

The  scattering  experiments  were  designed  to  determine  the  scattered  energy  as  a  function 


TABLE  4.3  AVERAGE  TOTAL  THERMAL  EMISSION  VERSUS  TIME,  kt/sec 


Time  Shot  1 

Interval  Station  220* 

Shot  2 

Station  8.4b-l 

Shot  3 

i  Station  8.4b-: 

Shot  6 

1  Station  220 

Shot  6 
Station  221 

Shot  9  Shot  9 

Station  220  Station  221 

I 

0.46 

1.04 

1.75 

1.43 

1.48 

1.05 

1.07 

n 

2.S6 

2.63 

4.58 

5.43 

5.22 

5.39 

5.51 

m 

4.18 

3.18 

5.65 

7.36 

7.14 

7.24 

7.50 

IV 

3.75 

3.08 

5.63 

6.98 

7.19 

6.19 

6.25 

V 

3.07 

2.98 

5.28 

6.50 

6.38 

4.36 

4.56 

VI 

1.57 

2.40 

4.55 

4.47 

4.50 

2.05 

2.08 

vn 

0.78 

1.98 

3.85 

2.90 

2.87 

1.22 

1.23 

vni 

0.58 

0.91 

— 

— 

— 

0.70 

0.70 

IX 

0.27 

— 

— 

— 

— 

0.38 

0.39 

X 

0.17 

— 

— 

— 

— 

0.22 

0.22 

XI 

0.09 

— 

— 

— 

— 

0.16 

0.15 

xn 

— 

*  Station  indicates  origin  of  basic  calorimeter  data  used  in  computation. 


of  the  angle  from  the  line  of  sight  between  the  measuring  instrument  and  the  source  by  the  use 
of  calorimeters  having  successively  larger  fields  of  view.  This  type  of  eiqperiment  is  not 
suited  to  bomb  measurements,  and  the  probability  of  success  in  Nevada  is  less  than  negligible 
for  the  following  reasons: 

1.  The  Nevada  atmosphere  Is  not  highly  scattering  and  requires  a  long  path  length  to  attain 
appreciable  scattering.  The  calorimeters  require  a  short  path  length  to  obtain  measurable 
energy. 

2.  Nearly  all  the  energy  is  in  the  direct  beam,  so  that  a  measurement  of  the  scattered 
energy  requires  instrumental  precision  not  available  with  calorimetric  techniques. 

3.  The  majority  of  the  energy  is  scattered  at  angles  less  than  the  angular  width  of  the 
fireball.  Thus  scattered  energy  from  one  part  of  the  source  cannot  be  distinguished  from  di¬ 
rect  energy  from  another  part  of  the  source. 

4.  The  scattering  Is  a  function  of  the  wave  length  of  the  radiation.  The  measured  value 
would  be  the  sum  of  the  scattering  contribution  from  all  wave  lengths,  with  the  amount  of 
energy  at  each  wave  length  changing  with  time. 

5.  The  sensitivity  of  the  calorimeters  decreases  with  increasing  angle,  becoming  zero  at 
90  degrees  off  axis. 

Thus,  were  the  instrumental  precision  great  enough  to  give  reliable  values,  the  problems 
of  geometry,  spectral  distribution,  and  small  amount  of  scattered  energy  would  make  analysis 
of  the  data  next  to  impossible  and  the  final  results  of  little  value. 

The  problems  were  further  complicated  by  difficulties  in  the  fabrication  of  quartz  domes 
for  the  180-degree-fleld-of-view  Instruments.  Although  the  sample  domes  were  of  high  qual¬ 
ity,  the  production  models  had  noticeable  lens  effects  that  negated  the  measurements.  The 
difference  in  energy  that  would  be  seen  by  90-degree  and  180-degree  instruments  is  only  about 
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2  percent.  The  lens  effect  caused  errors  as  high  as  20  percent. 

If  we  start  with  a  theoretical  approach,  using  the  best  approximation  for  spectral  distribu¬ 
tion,  wave  length  dependence  of  scattering,  angular  scattering  function,  effect  of  finite  size  of 
source,  atmospheric  composition,  angular  sensitivity  of  instrumentation,  lens  effects  of 
filters,  and  uncertainty  in  fleld-of-view  discrimination,  the  measured  results  can  be  justified 
to  within  the  magnitude  to  within  the  magnitude  of  the  experimental  error.  The  converse  of 
this  process  is  not  true.  It  is  thus  recommended  that  fleld-of-view  measurements  by  calorlm- 


Figure  4.3  Normalized  thermal  emission  versus  scaled  time. 

eters  not  be  attempted  in  future  Nevada  tests.  The  required  scattering  Information  can  better 
be  obtained  using  other  Instrumentation,  such  as  a  repeatable  point  source  having  a  4r  distri¬ 
bution  of  radiation,  wherein  the  experimental  conditions  can  be  better  controlled  and  repetition 
of  measurements  is  possible. 

About  all  that  can  be  shown  from  the  present  experiment  is  that  the  scattering  behaves 
about  as  e;q)ected. 

The  second  type  of  measurement,  total  energy  versus  wave  length  and  distance,  also  suf¬ 
fers  from  data  analysis  problems  in  that  the  physics  of  the  attenuation  cannot  be  derived  from 
the  observed  results.  It  is  thus  necessary  to  assume  spectral  distribution  and  attenuation 
properties  of  the  atmosphere  and  try  to  predict  the  measured  values. 

It  is  first  necessary  to  assume  some  type  of  a  spectral  distribution  for  the  source,  tt  is 
known  that  the  source  emlU  from  below  3,500  to  above  42,000  A,  and  probably  over  a  much 
wider  range  of  wave  lengths.  It  is  also  known  that  the  source  emits  more  or  less  continuously 
with  wave  length,  but  that  line  spectra  are  observed  both  in  emission  and  in  absorption.  Cer¬ 
tain  gases,  known  to  have  continuous  absorption,  are  also  believed  to  be  present  at  various 
times  on  various  shots.  The  great  uncertainty  is  as  to  what  extent  the  line  spectra  and  gas 
absorption  would  affect  the  spectral  distribution  of  the  energy  received  at  a  distance.  For  ex¬ 
ample,  an  absorption  band  10  A  wide  may  have  little  effect  on  the  energy  received  in  a  1,000  A 
band  width  at  1  mile. 

As  a  starting  point,  a  Planckian  distribution  of  emlssivity  one  was  assumed,  with  provi¬ 
sion  for  later  consideration  of  differing  emlsslvities  varying  with  wave  length.  This  assump¬ 
tion  ultimately  led  to  predictions  in  agreement  with  e;q>eriment  for  all  but  the  small  air  bursts, 
where  a  phenomenon,  different  from  that  of  other  bursts,  seems  to  be  taking  place.  This  effect 
can  result  in  only  about  a  10-percent  error  in  the  corrected  total  energy.  The  Planckian  dis¬ 
tribution  was  thus  used  in  the  transmission  corrections,  since  a  better  approximation  was 
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lacking. 

In  formulating  the  effective  atmospheric  transmission,  both  theory  and  experiment  were  in¬ 
volved.  In  the  case  of  a  nearly  symmetrical  geometry,  attenuation  can  be  attributed  to  true 
absorption  and  differential  scattering.  In  true  absorption,  the  photon  Is  captured  by  an  air 
molecule,  and  the  air  molecule  loses  the  energy  of  the  photon  by  collision  with  other  air  mol¬ 
ecule,  and  the  air  molecule  loses  the  energy  of  the  photon  by  collision  with  other  air  molecules 
before  re-radiation  takes  place.  The  photon  it  then  essentially  lost  as  far  as  our  total-energy 
measurement  is  C''>:icerned.  Water  vapor  and  carbon  dioxide  absorption  were  thus  applied  at 
each  uraive  length,  through  use  of  the  values  given  in  References  15  and  16  and  the  observed 
humidities. 

Differential  scattering  applies  to  scattering  resulting  in  a  net  flow  of  energy  in  a  nonradlal 
direction;  for  example,  net  scattering  into  a  less  dense  region  of  the  atmosphere  or  net 
scattering  into  the  ground.  Mathematical  formulation  and  solution  Is  not  possible,  except  for 
the  simplest  cases,  and  even  then  numerical  integration  is  usually  required.  The  method  used 
in  making  this  correction  was  to  assume  that  the  wave  length  dependence  of  the  scattering  was 
similar  to  the  wave  length  dependence  observed  in  References  13  and  14,  and  the  total  atten¬ 
uation,  including  absorption,  was  adjusted  to  fit  the  observed  results  of  total  energy  versus 
distance.  It  is  interesting  to  note  that  the  scattering  coefficients  so  obtained  agree  closely  In 
absolute  magnitude  with  those  measured  by  parallel-beam  measurements  for  the  prescribed 
atmospheric  conditions. 

In  reality,  the  exact  mechanism  of  this  attenuation  that  we  have  attributed  to  differential 
scattering  is  not  known,  i.e.,  all  or  part  of  it  may  well  be  absorption.  It  Is,  however,  known 
to  behave  exponentially  with  distance,  and  it  has  been  treated  in  that  manner. 

The  formula  for  atmospheric  transmission  is  then : 


T  = 


lx  dA 

J  Jxd\ 


(4.2) 


Where:  Jx 

ta 

ffA 

D 


the  spectral  intensity  of  the  source  at  wave  length  A 
the  water  vapor  and  CO;  transmission  at  wave  length  A 
the  differential  scattering  coefficient  at  wave  length  A 
the  path  length 


Details  regarding  the  selection  of  absorption  and  scattering  coefficients  are  given  In  Ref¬ 
erence  18. 

A  formulation  similar  to  EquMion  4.2  can  be  used  to  compute  the  energy  arriving  at  a  sta¬ 
tion  if  obscurations  and  geometry  considerations  are  taken  into  account. 

To  compute  the  energy  that  would  be  measured  by  a  calorimeter,  the  transmission  of  the 
filter  as  a  function  of  wave  length  must  also  be  included  in  the  integral  in  the  numerator. 

In  practice,  it  is  not  convenient  to  express  filter  transmissions  and  band  absorption  analytic¬ 
ally.  Thus,  using  a  digital  form,  the  correction  which  must  be  ;q>plied  to  each  calorimeter 
result  can  be  expressed  as: 


A  =  10, 


JAUe-^ADfx 


A  =  0,05„ 


X  =  10^ 


E 

A  =  0.05^ 


Ja 


(4.3) 


Where:  fx  -  the  transmission  of  the  calorimeter  filter  at  wave  length  A 
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It  is  of  interest  to  consider  the  application  of  Equation  4.3  to  a  typical  Nevada  atmosphere 
under  several  circumstances  and  to  compute  the  average  transmission  per  mile.  The  results 
of  such  computations  are  given  in  Table  4.4.  Typical  Nevada  atmospheres  contain  1  to  3  mm 
of  precipitable  water  vapor  per  mile  of  path.  It  can  be  readily  seen  that  if  one  were  to  measure 
transmission  over  a  10-mlle  path  using  a  tungsten  light  (about  3,000  K)  and  apply  the  result  to 
a  l-mile  path,  considerable  error  would  be  encountered. 

The  required  correction  factor  was  computed  for  each  time  interval  for  each  shot  by  use  of 
the  appropriate  spectral  distribution,  relative  humidities,  and  slant  ranges,  the  summations 
being  carried  over  as  many  as  115  individual  wave  lengths.  It  was  not  deemed  feasible  to  pub- 

TABLE  4.4  TYPICAL  TRANSMISSION  CALCULATIONS 


Color  Temperature 
of  Source 

Distance 

Water  Vapor 

Total 

Transmission 

Average 
Transmission 
per  Mile 

•K 

mi 

mm/mi 

3,000 

10 

1 

0.558 

0.94 

3,000 

10 

3 

0.506 

0.93 

3,000 

1 

1 

0.819 

0.82 

3,000 

1 

3 

0.758 

0.76 

6,000 

1 

1 

0.888 

0.89 

6,000 

1 

3 

0.867 

0.87 

lish  the  details  of  these  calculations  in  this  report.  Typical  calculations  are  shown  in  detail  In 
Reference  18.  It  is  well,  however,  to  point  out  two  significant  factors  which  increase  the 
transmission  corrections  over  those  used  in  previous  reports.  In  the  case  of  water-vapor  ab¬ 
sorption  and  deep  ultraviolet  scattering,  most  of  the  attenuation  takes  place  in  short  path  lengths 
and  results  in  an  attenuation  that  is  high  near  the  burst  and  becomes  less  Important  as  distance 
Increases,  i.e.,  the  attenuation  Is  not  a  simple  exponential  process.  Secondly,  the  transmis¬ 
sion  of  a  fused  quartz  filter  is  not  independent  of  the  spectral  distribution  of  the  burst.  The  net 
result  of  these  effects  is  to  raise  the  corrected  energy  values  above  those  that  would  be  obtained 
by  using  an  atmospheric  transmission  of  95  percent/mile  and  a  fixed  filter  transmission  of  92 
percent. 

The  present  iustification  for  these  techniques  of  computing  transmission  lies  only  in  their 
apparent  success.  Further  investigation  is  indicated  to  see  if  the  techniques  are  generally 
applicable. 


4.6  COLOR  TEMPERATURES 


For  the  purposes  of  this  report,  "color  temperature”  is  defined  as  the  temperature  of  the 
Planckian  radiator  that  most  nearly  matches  the  radiation  from  the  source  at  idl  wave  lengths. 
Using  the  technique  described  in  Section  4.6  and  Reference  18,  the  ratio  energies  that  would  be 
received  at  a  distance,  D,  from  a  Planckian  source  of  temperature,  9,  by  two  calorimeters 
having  color  filters,  n  and  m,  can  be  calculated  as  a  function  of  9  using  Equation  4.4: 


R(®)n/m  = 


JA(e)Tx(D)e-«'A>^fx,n 


A 


(4.4) 


This  computation,  of  course,  must  be  carried  out  for  each  station  on  each  shot  and  for  each 
pair  of  filters  used,  and  for  all  temperatures  of  interest.  An  example  of  the  results  of  a  typical 
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computation  are  plotted  In  Figure  4.4.  I'he  observed  ratios  were  then  taken  from  the  calorim¬ 
eter  results  in  Chapter  3  and  the  color  temperatures  determined  from  the  computed  curves. 

The  results  so  obtained  are  given  in  Figures  4.5  through  4.12.  These  results  are  displayed 
graphically  because  the  process  is  not  capable  of  great  precision.  Power  temperatures  are 
also  indicated  on  these  figures  and  are  discussed  in  Section  4.8.  Agreement  between  color  tem¬ 
peratures,  as  determined  from  different  pairs  of  filters,  indicates  the  assumption  of  a  gray- 
body  spectral  distribution  was  a  good  approximation.  This  type  of  agreement  is  seen  on  the 
tower  bursts,  but  not  on  the  air  bursts.  Lack  of  agreement  can  mean  a  difference  in  spectral 
distribution  or  an  experimental  error.  Since  the  same  instrumentation  was  used  at  Station  220 


Figure  4.4  Predicted  ratios  of  energies  received  from 
a  Plancklan  adiator  through  various  filters  under  a 
specific  set  of  atmospheric  conditions. 

for  Shots  1  and  9,  this  might  tend  to  indicate  instrumental  difficulties.  However,  the  same  type 
of  results  were  observed  at  Station  221  during  Shot  9,  which  had  independent  instrumentation. 

In  addition,  the  pulse  shapes  for  the  small  air  bursts  indicate  the  phenomena  to  be  real. 

Although  it  is  beyond  the  resolution  of  calorimetric  instrumentation  to  determine  the  nature 
of  this  Jifference  between  tower  and  air  bursts,  it  appears  to  be  absorption  phenomena  in  the 
spectral  region  between  6,400  and  9,500  A,  or  excessive  emission  between  3,500  and  5,300  k . 
Spectral  measurements  of  higher-wave-length  resolution  are  required  if  the  phenomena  are  to 
be  documented. 

When  the  power  temperature  agrees  with  the  color  temperature,  it  implies  that  the  source 
emlsslvity  is  unity.  However,  an  emissivity  of  0.5  results  in  only  about  a  20-percent  decrease 
in  temperature,  so  that  the  determination  of  emmissivities  is  beyond  the  limitations  of  the 
measurements.  Thus,  at  the  present  time,  temperature  and  emissivity  cannot  yield  energy 
predictions  any  more  accurately  than  they  can  be  made  empirically,  but  these  considerations 
have  explained  the  observed  results. 

4.7  SIZE  AND  GEOMETRY  OF  THE  HREBALL 

The  size  and  geometry  of  the  fireball  are  of  importance  for  scaling  and  data  analysis.  These 
parameters  are  determined  from  analysis  of  photographic  data  such  as  that  given  in  Chapter  3. 

The  size  of  the  fireball,  as  determined  by  the  photographic  process,  is  to  some  extent  a 
function  of  photographic  technique  and  spectral  sensitivity  of  film.  For  example,  in  two  photo¬ 
graphs  of  the  same  shot,  one  may  show  a  fireball  with  sharp  boundaries  and  uniform  brightness, 
and  the  other  a  diffuse  boundary  and  variations  in  surface  brightness.  The  size  of  the  fireball 
is  used  primarily  in  power-temperature  calculations  and  for  scaling.  For  both  purposes  suf¬ 
ficiently  accurate  diameters  can  be  determined  in  the  region  of  the  second  maximum.  The 
temperature  calculations  are  insensitive  to  small  errors  in  fireball  size,  because  of  the  fourth 
root  (Section  4.8).  Scaling  phenomena  are  generally  considered  over  four  or  more  orders  of 
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Figure  4.5  Temperature  versus  time,  Shot  1. 
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Figure  4.6  Temperature  versus  time.  Shot  2. 


Figure  4,7  Temperature  versus  time,  Shot  3. 
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Figure  4.8  Temperature  versus  time,  Shot  5. 


Figure  4.9  Temperature  versus  time,  Shot  6  (Station  220). 


Figure  4.10  Temperature  versus  time,  Shot  6  (Station  221). 
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magnitude  in  yield,  so  that  small  random  errors  become  insignificant  as  long  as  a  sufficiently 
large  number  of  shots  are  considered. 

Fireball  sizes  cannot  be  determined  with  precision  at  late  times  because  of  Illumination, 
definition,  and  film  sensitivity  problems.  Thus,  fireball  diameters  are  given  In  Figures  3.44 
through  3.47  only  when  a  relatively  good  photographic  Image  was  obtained. 

The  geometry  of  the  fireball  is  Important  in  correcting  the  calorimeter  readings  for  asym- 
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Figure  4.11  Temperature  versus  time,  Shot  0  (Station  220). 

metrical  spatial  distribution  of  thermal  energy  from  the  fireball.  Absolute  dimensions  are  not 
required  for  this  purpose.  In  making  geometrical  corrections,  the  fireball  is  approximated  by 
one  or  more  regular  geometrical  figures,  thus  allowing  the  surface  to  be  eqtressed  analytically 
for  integration  purposes.  Examples  of  this  technique  are  given  in  Reference  18. 

The  geometrical  corrections  can  be  applied  with  sufficient  accuracy  only  during  the  times 


Figure  4.12  Temperature  versus  time.  Shot  9  (Station  221). 


when  the  fireball  is  well-defined.  When  this  Is  not  the  case,  an  estimated  correction  must  be 
made.  The  accuracy  limitations  involved  are  discussed  In  Section  4.2. 

4.8  POWER  TEMPERATURES 

The  measurements  of  total  thermal  energy  versus  time  can  be  combined  (Reference  18)  with 
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the  photographic  measurements  and  geometry  considerations  to  determine  a  power  temperature 
from  Stefan’s  law,  yielding,  for  each  time  interval 


ff  Aq  W* 

o  e  A  <t>  At  / 


(4.5) 


Where:  6 
a 
e 
A 

Aq 

D 


the  minimum  power  temperature  (Kelvin) 

Stefan’s  constant  (1.356  x  10'“  cal  cm"^  deg'^  sec"*) 
the  effective  emmissivity 

the  flat  area  of  the  source;  corrected  for  obscuration  as  determined  by  photog¬ 
raphy  (cm*) 

the  total  transmission  to  the  calorimeter  (Equation  4.3) 

the  energy  measured  by  the  calorimeter  during  the  time  interval  At  (cal  cm"* 
sec"*) 

the  slant  range  (cm) 


The  results  are  indeterminant,  since  e  is  unknown.  However,  since  e  can,  by  definition , 
vary  only  between  0  and  1,  we  can  determine  a  minimum  power  temperature.  The  effect  of  an 
emissivlty  less  than  one  is  to  raise  the  power  temperature.  However,  the  calculation  is  not 
sensitive  to  e ,  since  a  factor  of  2  change  in  e  changes  the  temperature  less  than  20  percent. 

Power  temperatures  are  shown  as  points  (to  distinguish  them  from  color  temperatures  which 
are  shownas  lines)  in  Figures  4.5  through  4.12  for  each  station  for  which  there  was  sufficient 
data.  An  emissivlty  of  one  was  used  in  all  cases,  because  of  the  resulting  general  agreement 
between  color  and  power  temperatures.  Although  this  agreement  is  not  present  for  the  air 
bursts,  it  is  not  felt  that  the  data  is  sufficiently  accurate,  nor  the  corrections  well  enough 
known,  to  determine  actual  values  of  emissivlty  by  comparison  of  power  and  color  temperatures. 

In  the  case  of  Shots  9  and  10,  fireball  areas  were  scaled  from  other  air-burst  data,  since 
photographic  data  was  not  available. 

Although  the  minimum  power  temperature  determination  is  not  one  of  great  precision,  it  is 
revealing.  Knowing  the  approximate  energy  at  a  given  distance  and  the  approximate  size  of  the 
fireball,  a  power  temperature  may  be  calculated.  Corrections  that  are  applied  and  the  errors 
in  measurement  have  relatively  little  effect  on  this  value.  Thus,  if  a  minimum  power  temper¬ 
ature  of  7,000  K  is  reported,  it  is  likely  that  the  fireball  was  at  least  that  hot. 


4.9  THERMAL  MEASUREMENTS  AT  EXTREMELY  CLOSE  RANGES 

More  than  half  of  the  data  from  the  extremely  close  stations  on  Shot  12  were  lost  due  to  in¬ 
strumental  difficulties  and  excessive  electromagnetic  pickup.  These  measurements  were  not 
required,  but  were  undertaken  because  the  recorders  and  instrument  stations  were  required  for 
other  measurements  and  because  there  was  a  chance  to  get  valuable  data  should  the  effort  prove 
successful.  The  difficulties  with  electromagnetic  pickup  were  not  unexpected,  and  the  probability 
of  making  successful  measurements  at  close  ranges  were  known  in  advance  to  be  very  low.  The 
difficulties  in  the  operation  of  the  records  are  as  yet  unexplained. 

The  instrumentation  layout  for  the  close-  range  thermal  measurements  attempted  during  Shot 
12  are  given  in  Table  4.5.  At  all  stations,  with  the  exception  of  the  2,000-foot  station  on  the 
asphalt  line,  two  special  Mark  8F  calorimeters  were  mounted  at  an  elevation  of  12  feet  and 
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aimed  at  air  zero.  In  each  case,  one  instrument  had  a  90>degree  field  of  view  and  the  second 
instrument  a  180-degree  field  of  view.  The  station  at  2,000  feet  over  asphalt  had  only  one  in¬ 
strument  having  a  180-degree  field  of  view. 

The  data  from  the  2,500-foot  station  is  in  fair  agreement  with  the  predicted  value;  however, 
this  measurement  was  not  at  a  close  range.  The  data  from  the  2,000-foot  station  over  asphalt 

TABLE  4.5  EXTREMELY  CLOSE  RANGE  MEASUREMENTS 


Surface 

Material 

Ground 

Distance 

Slant 

Range 

Shock 

Arrival 

Predicted  Energy 
to  Shock  Arrival 

Measured  Energy 
to  Shock  Arrival 

ft 

ft 

sec 

cal/cm* 

cal/cm* 

Desert* 

2,500 

2,532 

1.01 

92 

85 

Water 

1,000 

1.077 

— 

Data  destroyed  by  pickup 

— 

Desert 

2,000 

2,040 

— 

Recorder  failure 

— 

Desert 

1,000 

1,077 

— 

Partial  recorder  failure 

— 

Asphalt 

2,000 

2.040 

0.22t 

57 

117 

Asphalt 

1,000 

1,077 

— 

Recorder  failure 

— 

•  Near  water  line. 

t  Instrumenta  at  12-foot  elevation  obscured  at  0.22  seconds,  energy  predicted  and  measured  up 
until  this  time.  Shock  arrival  was  0.45  seconds. 

only  raises  new  questions  rather  than  answering  old  ones.  Thus,  the  close-range  measure¬ 
ments  cannot  be  termed  completely  successful. 

4.10  THERMAL  INPUT  TO  SHOT  12  MATERIAL  PLOTS 

As  previously  mentioned,  a  major  portion  of  the  Shot  12  results  were  negated  by  Instru¬ 
mental  difficulties.  The  data  given  In  Table  3.14  Indicate  the  extremely  short  times  and  low 
energies  required  to  cause  obscuration  of  the  surfaces  of  asphalt,  concrete,  and  fir  boughs. 
The  reduction  of  total  thermal  energy  received  at  the  surface,  prior  to  shock  arrival,  is  also 
significant.  The  predicted  unobscured  value  at  2,000  feet,  up  until  shock  arrival,  would  be 
approximately  120  cal/cm^  as  compared  to  the  measured  values  of  6.1,  42,  and  41  cal/cm’ 
for  the  asphalt,  concrete,  and  fir  boughs,  respectively.  The  Implication  that  this  difference 
in  energy  would  go  Into  heating  the  media  above  the  plots  would  lead  to  appreciable  changes  in 
the  composition  and  temperatures  of  the  media. 

4.11  EFFECTS  OF  BURST  ALTITUDE 

The  total  energy  data  lor  Shot  10  is  summarized  in  Table  4.6.  The  energies  given  are  not 
corrected  for  atmospheric  attenuation  and  filter  attenuation.  The  B-36  Instrument  station  was 
located  in  the  tail  of  the  drop  aircraft  (Reference  12).  The  ground-zero  station  (8.tt>-3)  was 
about  2,000  feet  east  of  ground  zero.  Station  410  was  near  the  control  point  area  (^n>«ndix). 

Estimated  thermal  yields,  subject  to  the  corrections  and  limitations  discussed  in  Section 
4.2  can  be  calculated  from  this  data.  Many  additional  problems  arise,  however.  The  scatter¬ 
ing  corrections.  Section  4.5,  were  on  the  basis  of  losses  seen  by  an  observer  in  the  same 
horizontal  plane  as  the  source  and  were  attributed  to  scattering  into  the  ground  and  toward  less 
dense  regions  of  the  atmosphere.  The  paths  for  two  of  the  stations  on  Shot  10  were  essentially 
vertical,  so  this  formulation  is  probably  not  applicable.  Secondly,  there  are  problems  in  cal¬ 
culating  the  quantity  and  transmission  of  water  vapor  over  a  vertical  path,  part  of  which  is  be- 
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low  0  C.  Thirdly,  observers  report  that  the  floor  of  Yucca  Flat  was  covered  with  a  layer  of 
dust  on  the  morning  of  Shot  10,  so  that  transmission  to  the  ground-zero  station  was  probably 
affected,  but  not  the  410  and  B-36  stations.  Finally,  there  is  a  problem  in  the  selection  of  a 
spectral  distribution  for  the  source  on  which  to  base  the  atmospheric  and  filter  corrections. 

Solution  of  the  scattering  problem  over  a  vertical  path  is  beyond  our  present  capability;  so 
lor  the  purposes  of  this  analysis,  we  will  use  the  same  corrections  as  for  a  horizontal  path, 
using  an  average  atmospheric  density  over  the  actual  path  to  compute  the  equivalent  horizontal 
path.  This  procedure  should  tend  to  over-correct  for  transmission  and  raise  the  resultant 
thermal  yield  values. 

The  water-vapor  transmission  over  the  essentially  vertical  paths  from  the  ground  stations 
can  be  approximated  with  sufficient  accuracy,  since  the  first  %  mm  of  precipltable  water 
accounts  for  most  of  the  absorption.  Both  ground  stations  have  at  least  this  amount  of  water 

TABLE  4.6  TOTAL  ENERGY  DATA,  SHOT  10 


station 

Slant  Range 

Total  Energy 
Measured  through  Filter 

ft 

cal/cm* 

B-36 

21,500 

0.156 

Ground  zero 

32,565 

0.0558 

410 

47,175 

0.0260 

vapor,  at  temperatures  for  which  the  transmission  has  been  measured,  at  the  sUtion  end  of 
the  optical  path.  Thus,  the  problems  of  handling  absorption  due  to  vapor  below  the  ice  point 
can  largely  be  circumvented. 

In  the  case  of  the  B-36  station,  it  was  assumed  that  there  was  no  vapor  absorption.  If  It 
had  been  assumed  that  the  v^r  attenuation  was  the  same  as  for  low  altitudes,  but  scaled  on  a 
density  basis,  the  final  energy  value  would  be  Increased  about  3  percent.  Thus,  the  errors  due 
to  vapor  absorption  corrections  are  probably  negligible. 

We  have  no  means  of  correcting  for  the  transmission  of  the  dust  layer  covering  the  ground- 
zero  station.  All  we  can  do  in  this  case  is  to  expect  a  somewhat-lower  thermal-yield  value 
from  the  measurements  at  this  station. 

Choosing  a  spectral  distribution  for  Shot  10  is  something  of  a  problem.  The  results  of  the 
tower-  and  air-burst  measurements  at  low  altitudes  show  that  the  Planckian  distribution  is 
adequate  for  tower  bursts,  but  that  there  is  an  increasing  departure  from  this  spectral  distri¬ 
bution  as  the  temperature  is  higher,  as  in  the  case  near  the  second  maximum  of  air  bursts. 

The  color  temperature  results  for  Shot  10  (Table  3.10)  are  not  complete  or  accurate  enough  to 
give  usable  information  other  than  to  indicate  the  same  type  of  difference  between  color  and 
power  temperatures  as  observed  near  the  second  maximum  of  Shots  1  and  9. 

It  is  possible  to  make  a  rough  approximation  of  the  expected  temperature  at  the  second  max¬ 
imum  of  Shot  10  by  using  the  ratio  of  peak  irradiance  to  total  energy.  This  ratio  is  not  critically 
dependent  upon  temperature,  the  atmosphere  and  filter  corrections  tending  to  balance  out.  The 
eiqilanation  for  this  is  rather  complicated  and  extensive  and  is  discussed  in  Reference  18.  A 
preliminary  inspection  of  the  data  shows  the  ratios  of  maximum  irradiance  to  total  energy  are 
iqiproximately  4.7  for  Shot  9  and  12.5  for  Shot  10,  and  the  total  energy  of  Shot  10  to  be  about 
three  fourths  that  of  Shot  9.  From  Reference  17,  the  radius  of  Shot  10  is  seen  to  be  about  1.23 
times  the  radius  of  Siiot  9.  As  a  result,  the  peak  power  temperature  for  Shot  10  should  be  about 
1.07  times  the  peak  power  temperature  of  Shot  9,  or  about  9,200  K.  The  measured  power  tem- 
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peratures  for  the  ground-zero  station  are  given  in  Table  4.7,  the  peak  value  being  8,800  K, 
within  4  percent  of  the  predicted  value. 

Thus,  the  temperatures  for  Shot  10  are  probably  not  much  different  than  the  temperatures  on 
Shot  9.  There  still  remains  the  problem,  however,  of  choosing  a  suitable  spectral  distribution, 
or  color  temperature,  for  either  Sho*  9  or  Shot  10.  Since  it  is  our  purpose  to  compare  the  two 
events,  we  made  the  comparison  for  spectral  distributions  corresponding  to  peak  temperatures 
of  9,000  K  and  12,000  K,  and  using  temperature  versus  time  profiles  typical  of  small  air  bursts, 
such  as  Shots  1,  9,  and  10. 

A  summary  of  the  thermal  partitions  on  Shots  9  and  10  is  given  in  Table  4.8.  The  three 
values  listed  for  each  station  represent  the  corrected  values  based  (as  explained  above)  on  a 
9,000-K  peak  temperature,  on  a  12,000-K  peak  temperature,  and  by  the  previously  used  methods 

TABLE  4.7  POWER  TEMPERATURE 
VERSUS  TIME,  SHOT  10 


Time  Interval 

Temperature 

•K 

I 

5.400 

U 

8,600 

HI 

8,800 

IV 

8,600 

V 

8,200 

VI 

7,600 

VII 

6,600 

vni 

5,500 

DC 

4,200 

X 

3,200 

XI 

2,000 

(References  1  and  4)  of  assuming  a  transmission  of  94.7  percent  per  horizontal  surface  mile, 
altitude  scaling  directly  proportional  to  total  air  density,  and  a  constant  filter  transmission  of 
92  percent. 

To  seek  a  conciusion  regarding  the  thermal  partition  of  Shot  10  as  compared  with  that  of  Shot 
9,  we  have  only  to  examine  the  results  of  any  of  the  three  methods  to  conclude  that  Shot  10  had 
a  lower  thermal  partition.  However,  it  must  be  remembered  that  there  are  many  factors  in¬ 
volved  in  the  comparison  which  involves  assumptions  that  have  not  been  fully  tested.  Thus,  a 
more  conservative  conclusion  would  be  that  there  was  no  drastic  change  in  the  amount  of  total 
thermal  energy  emitted  over  the  range  of  altitudes  involved  in  this  experiment. 

Because  the  yield  of  Shot  10  was  larger  than  antic4>sted  in  preoperational  planning,  all  of 
the  instruments  at  the  ground  zero  station  gave  a  fairly  reliable  measurement  of  the  energy  in 
the  “first”  pulse.  These  Instruments  were  integrating  instruments,  but  their  time  response 
was  sufficiently  fast  to  indicate  a  small  plateau  on  the  recorder  records  at  about  O.OOS  second.  This 
plateau  is  not  completely  flat,  but  its  elevation  may  be  determined  to  about  ±  20  percent,  yield¬ 
ing  an  energy  value  of  0.00055  cal/cm’.  This  indicates  that  about  0.9  percent  of  the  total 
thermal  energy  was  delivered  in  the  first  pulse.  It  is  unfortunate  that  the  same  high  sensitivity 
instruments  were  not  used  at  a  similar  distance  to  Shot  9  so  as  to  give  directly  comparable 
data  for  the  “first”  pulse  of  that  shot. 

Figures  3.6  and  3.7  show  the  irradiance-time  curves  for  Shots  9  and  10.  A  significant  dif- 
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ference  In  the  time  scaling  is  obvious.  Shot  9  having  a  time  to  second  maximum  of  almost 
twice  that  of  Shot  10.  If  we  were  to  assume  that  the  effective  time  over  which  radiation  is  em¬ 
itted  in  proportion  to  the  time  to  second  maximum,  the  temperatures,  radii,  and  thermal  yields 
reported  herein  are  consistent.  Thus,  a  higher-altitude  shot  radiates  less  total  energy,  has  a 


TABLE  4.8  THERMAL  PARTITION  FOR  SHOTS  9  AND  10 


Shot  and  Station 

9,000  Peak 
Temperature 
Approximation 

12,000  Peak 
Temperature 
Approximation 

Previously 
Used  Method* 

“K 

"K 

Shot  9,  Station  220 

0.50 

0.54 

0.41 

Shot  9,  Station  221 

O.Sl 

0.55 

0.40 

Shot  10,  B-36  Station 

0.35 

0.40 

0.29 

Shot  10,  Ground  Zero  Station  0.38 

0.46 

0.27 

Shot  10,  410  Station 

0.41 

052 

0.29 

*  See  text. 

shorter  time  scale,  a  larger  fireball,  a  higher  peak  irradiance,  and  about  the  same  tempera¬ 
tures  as  a  lower -altitude  burst. 


4.12  SCALING  LAWS 

The  scaling  laws  for  thermal  yields  of  air  bursts  cannot  be  intelligently  discussed  until  the 
newer  methods  of  making  atmospheric  and  filter  corrections,  which  are  used  herein  on  the 
small-yield  Teapot  shots,  are  applied  to  the  data  from  Operations  Upshot -Knothole  and  Castle. 
However,  if  the  older  methods  o-  correction  are  used,  the  thermal  yield  (E),  in  kilotons,  fits 
very  closely  the  relationship  E  =  0.41  W'*’',  where  W  is  the  total  yield  in  kilotons.  The 
newer  methods  will  probably  make  this  more  nearly  E  =  0.52  w’’'” ,  but  this  should  be  con¬ 
sidered  as  preliminary  information  and  subject  to  later  change.  In  any  event,  W/3  scaling 
does  not  work  for  air  bursts. 

Scaling  of  thermal  yields  on  tower  bursts  appears  to  Involve  the  tower,  tower  height,  de¬ 
vice  mass,  and  other  variables.  Tlie  only  conclusion  that  can  be  drawn  at  present  is  that  the 
more  the  mass  of  material  in  the  fireball,  the  lower  the  observed  thermal  yield.  There  are 
presently  too  many  variables  and  not  enough  data  to  formulate  any  general  scaling  relationship. 

While  the  instrumentation  used  to  measure  thermal  radiant  power  versus  time  at  close 
distances  does  not  have  sufficient  time  response  to  adequately  resolve  the  first  maximum,  the 
time  to  second  maximum  (as  indicated  by  these  instruns  nts)  can  be  related  to  the  yield  of  the 
device.  Table  4.9  lists  the  times  to  second  maximum,  as  measured  with  radiometers  at  close 
range,  as  the  total  yield,  for  all  shots  for  which  this  information  is  available.  The  Castle 
data  were  taken  from  Reference  19,  the  Tumbler-Snapper  data  from  Reference  1,  the  Upshot- 
Knothole  data  from  Reference  4,  and  the  Teiqmt  yields  from  Reference  17. 

The  data  of  Table  4.9  are  plotted  on  a  log-log  plot  in  Figure  4.13.  It  is  evident  from  these 
data  that  a  straight  line  will  give  as  good  a  fit  as  any  simple  curve,  and  would  thus  suggest  a 
scaling  relationship  of  the  form; 

W  =  A{tm)P  (4.6) 
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Where;  W  ^  total  yield  In  megatons 

A  »  numerical  constant,  approximately  equal  to  1 
tm  >  time  to  second  maximum  in  seconds 
p  =  an  e^nent,  aM>roxlmately  equal  to  2 

U  A  is  taken  as  equal  to  0.95  and  p  equal  to  2.06,  the  relationship,  as  represeided  by  the 
solid  line  in  Figure  4.13  gives  a  reasonably  good  fit.  However,  since  both  in  practice  and  in 
theory,  any  Individual  device  may  show  considerable  deviation  from  any  curve  fitted  through 

TABLE  4.9  TIMES  TO  SECOND  MAXIMUM  VEBSUS  YIELD 


Shot 

Total  Yield 

Time  to 

Second  Maximum 

MO 

Castle  1 

IS  Mt 

3.85 

Caatle  2 

11  Mt 

3.29 

Ivy  Hike 

10.5  Mt 

3.10 

Castle  4 

7  Ml 

2.42 

Caatie  S 

l.T  Mt 

1.35 

Ivy  King 

540  kt 

0.85 

Upahot-Knotbole  11 

eo.Bkt 

0.25 

Tumbler-Snapper  3 

30  kt 

0.18 

Upshot-Knothole  9 

26  kt 

0.175 

Tumbler-SBapper  4 

19.6  kt 

0.15 

Upahot-Knnthole  10 

14.9  kt 

0.13 

Upshot-Knothole  4 

11.0  kt 

0.114 

Teapot  6 

8.1  kt 

0.103 

Teapot  S 

7.0  kt 

0.087 

Teapot  5 

3.5  kt 

0.057 

Teapots 

3.1  kt 

0.072 

Teapot  10 

3.1  kt 

0.045 

Teapot  2 

2.5  kt 

0.055 

Teapot  1 

1.2  kt 

0.048 

Tuinbler-SBapper  2 

1.15  kt 

0.110 

Tumbler-Snapper  1 

1.05  kt 

0.100 

Upahot-Kaothole  3 

0.2  kt 

0.015 

the  envirlcal  data,  it  ie  suggested  that  A  be  taken  equal  to  1,  and  p  be  taken  equal  to  2,  as 
an  approxiinate  relationship,  because  o<  the  obvtanis  ease  in  calculation  and  application.  The 
fit  at  this  relationship  is  shown  as  a  dotted  line  in  Figure  4.13. 

Scaling  relationships  for  other  parameters  are  dtscussad  in  Reference  18. 

4.13  EVALUATION  OF  THE  lEFFERENCE  BETWEEN  TOWER  AMD  AIR  BURSTS 

The  data  obtained  herein  shows  appreciable  difierences  in  the  thermal  properties  of  tower 
and  air  burats.  The  tower  burets  have  lower  thermal  yields  and  lower  peak  temperatures. 
The  air  bursts  have  higher  peak  tenveratnres  and  much  aharper  second  thermal 


•T 

SiCRET 


Although  these  changes  appear  to  correlate  with  the  quantity  of  material,  other  than  air,  that 
Is  involved  In  the  formation  of  the  fireball,  the  correlation  does  not  appear  to  be  one  that  can  be 
explained  simply  In  terms  of  mass  and  heat  capacities  of  the  constituents.  From  an  examina¬ 
tion  of  the  thermal  yield  data  and  the  corrected  irradlance  curves  (Figure  4.3)  it  appears  that 
the  actual  mechanism  of  fireball  formation  Is  modified  by  the  presence  of  significant  quantities 


Figure  4.13  Plot  of  total  yield  of  a  number  of  stwts  as  a 
function  of  time  to  second  maximum. 


of  material  other  than  air.  This  is  largely  speculative,  however,  since  there  are  again  more 
variables  and  unknowns  than  we  have  measurements  to  evaluate. 


4.14  EFFECTS  OF  DEVICE  TYPE  ON  THERMAL  CHARACTERISTICS 

The  lead  and  paraffin  loading  on  Shot  3  appears  to  have  had  an  effect  on  the  pulse  shape 
(Figure  4.3)  and  thermal  yield.  This  shot  was  of  approximately  the  same  yield  as  Shot  6  and 
should  have  had  about  the  same  thermal  characteristics.  The  time  to  second  maximum  was 
also  much  shorter  than  scaling  would  predict.  However,  Shot  3  was  a  large-yield  detonation  on 
a  short  tower,  so  this  difference  cannot  be  definitely  attributed  to  the  weapon  design  on  the 
basis  of  one  observed  result. 


4.15  TESTS  OF  NEW  INSTRUMENTATION 

The  new  instrumentation  used  by  this  project  performed  as  expected  and  gave  good  results. 
Details  of  this  instrumentation  can  be  found  in  Chapter  2. 
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The  Mark  7F  instrumentation,  designed  for  low  levels  of  thermal  energy,  gives  satisfactory 
results;  but  since  it  has  a  fairly  high  rate  of  heat  loss,  it  should  be  used  only  with  considerable 
care  on  large  shots  where  delivery  times  are  very  long,  as  the  corrections  become  very  large. 

The  heat -flow  problems  in  the  commercially  available  Instruments,  used  on  Shot  10,  make 
data  reduction  prohibitive,  if  accuracy  is  desired.  These  Instruments  should  be  used  only  in 
emergencies. 
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Chapters 

CONCLUSIONS  and  RECOMMENDATIONS 

5.1  CONCLUSIONS 

Basic  thermal  data,  such  as  thermal  yield,  pulse,  shape,  and  temperature  versus  time,  lor 
small  air  and  tower  bursts,  has  been  adequately  documented  for  effects  purposes. 

The  thermal  data  available  for  small  tower  and  air  bursts,  of  yields  from  1  to  10  kt,  are 
adequate  tor  effects  scaling  laws. 

The  mass  of  material,  other  than  air,  involved  in  the  formation  of  the  fireball,  has  a  significant 
effect  on  the  radiating  characteristics  of  the  fireball.  This  material,  together  with  the  action  of  the 
reflected  shock  wave,  effect  the  shape  of  the  second  thermal  pulse,  the  time  to  second  maxi¬ 
mum,  and  the  spectral  distribution  and  quantity  of  the  radiated  energy.  In  general,  greater 
mass  of  tower  and  nuclear  device  and  lower  burst  height  result  in  lower  temperatures  and  less 
thermal  energy.  A  general  theory  describing  these  correlations  has  not  been  advanced,  because 
cf  the  lack  of  sufficient  data  to  define  the  large  number  of  variables. 

A  correlation  between  thermal  characteristics  and  device  assembly  appears  to  exist  on  Shot 
3,  but  cannot  be  established  with  certainty  due  to  the  unknown  influence  of  other  parameters. 

A  change  in  ambient  air  density  (burst  altitude)  causes  changes  in  thermal  characteristics. 
The  high-altitude  burst.  Shot  10,  sq;>pears  to  have  radiated  less  total  thermal  energy  and  had 
about  the  same  temperature  at  time  to  second  maximum,  a  larger  fireball,  and  a  shorter  time 
scale. 

A  method  of  formulating  the  ^fective  atmospheric  transmission  has  been  developed  and 
appears  to  give  consistent  results.  The  attenuation  does  not  follow  a  simple  exponential  rela¬ 
tionship  with  distance,  the  departure  being  more  significant  to  close  ranges.  The  corrections 
result  in  significantly  higher  thermal  yields  in  all  cases. 

The  spectral  dUtributlon  of  the  radiated  energy  is  much  like  that  of  a  Planckian  radiator, 
except  near  the  second  maxima  (d  small  air  bursts. 

The  power  and  color  temperidures  of  the  fireball  as  a  function  of  time  appear  to  be  in  agree- 
meid,  except  near  the  second  maxima  of  small  air  bursts.  These  temperatures  are  useful 
tools  in  making  corrections  to  thermal  data  from  field  tests  and  in  making  thermal  energy  pre¬ 
dictions. 

5.2  RECOMMENDATIONS 

The  methods  of  analysU  applied  in  thU  report,  and  described  in  detaU  in  Reference  18, 
show  great  promise  of  establishing  a  correlation  between  source  parameters  (yield,  burst 
coodiUons,  atmospheric  conditions,  geometrical  conditions)  and  the  characterUtics  of  the 
thermal  radiation  received  at  a  distance.  This  is  in  distinction  to  the  large  quantity  <d  empiri¬ 
cal  data  currently  available,  applicable  only  to  specific  test  conditions.  U  is  recommended  that 
these  methods  be  applied  to  di^  (derations  and  to  past  operations  where  possible  in  order  to 
better  determine  the  quantity  and  type  of  thermal  measurements  required  at  future  tests. 

Broad-band  spectral  measurements  and  air  scattering  measurements  made  with  calorim¬ 
eters  should  be  discontinued  because  of  difficulties  in  measurement  and  data  interpretation. 
Spectral  distribution  should  be  determined  at  field  tests  with  other  instrumentation,  such  as  a 
very-low-wave-length-resolution,  slow-speed  scanning  spectrometer,  covering  a  ^de  region 
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of  the  spectrum.  Air  scattering  data  can  be  determined  with  a  source  other  than  the  nuclear 
device. 

Calorimeter  measurements  on  a  megaton-range  air  burst,  under  clear  atmospheric  condi¬ 
tions,  on  a  1-to-lO-kt  surbme  burst,  and  on  fractlonal-klloton  bursts,  together  with  adequate 
spectral  measurements  on  at  least  one  shot,  are  needed  to  complete  the  scaling  of  thermal 
characteristics  lor  effects  purposes. 
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Appendix 

STATION  and  BURST  COORDINATES 


Coordinates  In  feet  using  the  Nevada  State  Grid  System;  E  =  Eagt;  N  =  North;  A  =  Altitude,  msl 


Ground  Zero  Shot  1  (T-7-4): 

E  =  688,074.34 

N  =  851,123.89 

A  =  4,195.00 

Shot  10: 

E  =  677,318 

N  =  829,951 

A  =  36,620 

Shot  1: 

E  ~  687,684 

N  =  851,159 

A  =  4,921 

Shot  12: 

E  =  716,000.29 
N  =  746,249.98 
A  =  3,477.50 

Shot  2: 

E  =  688,416.41 

N  =837,026.05 

A  =  4,326.00 

SUUon  410: 

E  =  678,853.33 
N  =  795,759.48 
A  =  4,144.25 

Shot  3: 

E  =  680,506.00 

N  =  865,221.00 

A  =  4,321.00 

Station  220; 

E  =  688,340.61 
N  =  848,961.62 
A  =  4,100 

Shot  S: 

E  =  687,164.39 

N  =  834,310.10 

A  =  4,306.50 

Station  221: 

E  =  688,088.22 
N  =  847 ,483. 00 
A  =  4,100 

Shot  6: 

E  =  687,502.18 

N  =  854,123.94 

A  =  4,745.00 

Station  8.4b-l 

E  =  683,420.00 
N  =  837,026.05 
A  =  4,0u6.00 

Ground  Zero  Shot  9; 

E  =  688,074.34 

N  =  851,123.89 

A  =  4,195 

Station  8.4b-2 

E  =  680,506 

N  =  870,171 

A  =  4,200 

Shot  9: 

E  =  688,012 

N  =  851,218 

A  =  4,934 

Station  8.4b-3  (near  Shot  10 
Ground  Zero) 

E  =  679,714.65 
N  =  829,987.41 
A  =  4,037 

Ground  Zero  Shot  10; 

E  =  677,714.65 

N  =  829,987.41 

A  =  4,037.74 

94 

SECRET 


DISTtIBUTION 

rnUUny  Di^trih^Hom  Catojory  82 


AMT  AcrmriB 

1  Dtputy  Chief  of  Staff  for  MUltaiy  Oporationi>  H/a, 
WaohlnctoB  O.C.  ATM:  Dir.  of  WU 
8  ChUf  of  Hotoaroh  and  Davalopemt^  0/a»  Waahlocton  29, 
O.C.  ARV:  Atoale  Oiv. 

3  AaaUtaat  Chief  of  Staff,  latelliteDea,  D/A,  Uaahiaftoa 
25,  D.C. 

A*  9  Chief  Cheaieal  Officer,  S/A,  Veahlnfton  8$,  S.C. 

€  Chief  of  Inclueere,  D/a,  Vaehlnfto&  2^,  S.C.  ATBI:  Bm 
7  Chief  of  Snclaaerc,  S/a,  Waablactcm  2^,  S.C.  ARV:  BOTB 
^  9  Office,  Chief  of  Ordnance,  S/a,  Vaehlnfton  29,  S.C. 

ATTR:  OKSn 

15  Chief  SlBial  Officer,  S/A,  Coeb.  Ser.  and  Opa.  Sir., 

UaahlBcton  2),  S.C.  ARV:  610CO-A 
11  The  Surfcoa  Oeneral,  S/a,  Vaehiacton  29,  S.C.  ATni:  MOn 
18-  Ih  frianilint  Oeneral,  U.S.  Continental  Az^  Coanaad,  Pt. 
Monroe,  Ta. 

19  Slrector  of  Special  Weapona  Seveloiaent  Office,  Bead- 

tuartera  CCHAK,  ft.  Sllaa,  Tex.  ARV:  Cept.  Cheater  I. 
Peteraon 

l£  Prealdent,  U.S.  Ar^  ArtlUezy  Board,  U.S.  Continental 
Arey  Cowand,  ft.  Sill,  <Mda. 

17  President,  U.S.  Ai^^  Infantry  Board,  ft.  Bennin<,  Ca. 

16  President,  U.S.  kx^f  Air  Sefwae  Board,  0.3.  Continental 

Anv  Coaeand,  ft.  Bliaa,  Tex. 

19  President,  U.S.  Any  Aviation  Board,  ft.  Bucher,  Ala. 
Ami:  A19Q-00 

80  Cowandant,  U.S.  Anqr  Cowead  A  Oeneral  Staff  College, 
ft.  teaveoworth,  Eaneae.  ARB:  ABCSITIB 
21  Oowendant,  0.8.  Anqr  Air  Sefenae  Sohool,  ft.  Bliae, 

Tex.  ARB:  Sept,  of  Tsctlee  ei^  Coabiaed  Ane 
26  Oowaadent,  U.S.  Any  Araored  Sebool,  ft.  box,  2f  • 

23  OowaadaDt,  U.S.  Aiv  Artillery  and  Mieelle  Se^l, 
ft.  Sill,  Okie.  ARB:  Coabet  SerelopaeDt  Sayertaent 
SA  OowBodent,  U.S.  Ai^  Arlatton  Sebool,  It.  Biieber,  Ale. 

29  Ooweadant,  U.S.  An^  XsfXntry  School,  ft.  Beealng, 

Oa.  ARB:  C.S.i. 

26  iBe  SiverteteoSeat,  U.8.  Military  Acadaay,  Meet  Point, 

B.T.  ARB:  Prof,  of  Orteasee 

27  Cowaadant,  The  Qwrteiaaeter  Sebool,  U.S.  Axmr,  ft.  lae, 

n.  ARB:  Chief.  9N  Ubreiy 

26  Oowwiwt,  U3.  Any  Orteaee  Sebool,  Aberdeen  Pronag 
OroMPd,  Md. 

29  Ocwwtaat,  U.S.  Any  Ordneaee  end  Ouided  Mieelle  School, 

ledetooe  Araeoal,  Ale. 

30  rnweadlng  Oeneral,  fhenlnel  Ooryt  Trelalag  Ooad.,  Pt. 

bClellea,  AU. 

31  CoBwadaBt,  USA  Si^Ml  Sebool,  Pt.  Mowoutb,  B.J. 

32  Ooweadiag  Oeoeral,  The  Bngineer  Center,  Pt.  Belton,  Te. 

ARB:  Aeot.  Chdt,  bgr.  feheol 

33  rnwending  OeoePal,  Any  Mediexl  Serrloe  Sebool,  Broobe 

Aivy  Nedleel  Center,  Pt.  Sea  Boeeton,  Tex. 

3A  Sirector,  Aned  Poroee  laetitxt#  of  Patbology,  Welter 
Beed  Ar^  Med.  Center,  629  l6th  St.,  W,  WaehiiytoD 
29,  S.C. 

39  Ciawiiiltin  Offioer,  Aray  Medteal  Beeeereb  lab.,  Pt. 

Koox,  b. 

36  Conaeadeat,  Welter  Seed  Any  Xwt.  of  Bee*,  Welter 
Bead  Aiar  Medteel  Ceater,  Weebiagton  29,  S.C. 

37-  39  rfaillng  Oeaerel,  b  MB  OoaS.,  91  Bi9  Catr.,  Betlek, 
Neee.  AfBI:  CW  Ueieoa  Offioer 
AO-  ^  Ccaaeadiag  Oeoerei,  U.S.  Ar^  Claaleel  Corpe,  Beeeeroh 
«nd  PeveloTaent  Coad.,  Weehiagton  29,  S.C. 

A2-  A3  Oi^emlliig  Officer,  niealoel  Warfare  leb.,  Aiw 
Chealcel  Ceater,  Nd,  ARB:  Tbeh.  Library 
AA  rnaaendlng  Oeaerel,  Bngiaeer  Beeeeroh  and  Sev.  Xeb., 

Pt.  Balroir,  ?e.  ARB:  Chief,  Teeh.  Support  Breach 
A9  Sirector,  Weteiweye  fwperlaeut  Station,  P.O.  Box  631, 
Tickeb^,  Mlee.  AT1B:  Ubreiy 


A6  riTinillrn  Offioer,  Sleaond  Ord.  Puze  Lobe.,  Weehington 
29,  S.C.  ARB:  Chief,  Bucleer  Tulaerabllity  Br.  (230) 
A7-  AS  Coweadlng  Oeneral,  Aberdeen  ProTiag  Qrouade,  Md.  ARB: 
Sirector,  Bellletioo  Beeeereh  leboretory 
A9  rraaeTnlIng  Oeaerel,  U.S.  Ai^  Bleetronlc  ProTlng  Orouad, 
Pt.  Bueehuce,  Aris.  ARB:  Tech.  Library 

90  Cnunillng  Officer,  UBA,  Siynl  BBS  leboretory,  Ft. 

Nonaouth,  M.J.  ARB:  Tech.  Doe.  Ctr.,  Irene  Aren 

91  Sireetor,  Operetlone  Beeeereh  Office,  Johne  Boj^lne 

Uhlrereity,  6939  Arlington  Bd.,  Betheede  lA,  Nd. 

92  Ccweader-in-Chlef ,  U.S.  Aray  Burope,  APO  A03,  Bev  York, 

B.T.  ARB:  Qpot.  Sir.,  Weepoae  Br. 

93  rraaeniling  Offioer,  9th  Boepitel  Center,  APO  180,  Bow 

Tork,  B.T.  ARB:  CO,  US  Aiay  Bucleer  Medicine 
Beeeereh  Setechnoat,  Burope 

lATT  ACTXT1T118 

9A  Chitf  of  Batvel  Operetioae,  S^,  Weehiagton  29,  S.C. 

ARB:  0P-O3» 

99  Chief  of  Betel  Operetioae,  S/I,  Weehiagtw  29,  S.C. 

ARB:  CP-36 

96-  97  Chief  of  Betel  Beeeereh,  S/B,  Weehington  29,  S.C. 

ARB:  Code  8U 

96-  99  Chief,  Bureeu  of  Aaroneatloe,  S^,  Weehington  29,  S.C. 

60-  Chief,  Bureeu  of  Aeroneutice,  S^,  Weehington  29,  S.C. 

AIR:  ABI-AS-Ai/20 

69  Chief,  Bureeu  of  Nedieiae  end  Sirgeiy,  S/B,  Weehiagton 
29,  S.C.  ATS:  ^U1  Wpae.  Sef .  Sit. 

66  Chief,  Bureau  of  (Mkaaee,  sAi,  Weehiagton  29,  S.6. 

67  Chief,  Bveou  of  Qrdaeaee,  S/i,  weehiagton  29,  S.C. 

ATVi  B.P. 

6S  Chief,  Bmae  of  Ripe,  S/i,  Weehiagton  29,  S.C. 

ARS:  Code  A83 

69  Chief,  Snenn  of  Tnrde  wd  Soehe,  S/B,  Weehiagton  89, 
S.C.  ASSi  S-AAO 

TO  UiMtor,  O.S.  ftMLl  MMWth  UtontoiT,  “*-*‘<■■1*” 

S.C.  UHi  Kn.  MkHTlM  I.  Cm 
n-  TO  OIIMI  Hit,  V.O.  lbi.1  Mmtei,,  Hhlt*  Ott, 

§Umt  19,  IH> 

T3-  T^  MxwtMT,  lbMrt.1  Uk.  (0d«*  900),  tm  Ton  lonl 

InoUTB  1,  a.T. 

T9  Oan..ll.f  omwi  ..A  BiiMMr,  UMtnolM 
lehantaiya  Sen  Stew  SB.  Calif. 
t6>  T9  Ofi.m.  otnwr,  o.s.  mm  mtoiogim  Dtfnn 
UtamtMT,  in  Fnnlno,  OUlf .  AfOli  Vtok. 
lato.  U.. 

50  oniwr-la-Ckuv.,  U.S.  Iml  CItU  >n1i>..r1«i  Ml  Ub. 

O.S.  mm  Oowtiuotln  m.  Cmtar,  mrt  mkMm, 

QUIT.  >nii  0o4*  T9) 

51  Oommi^A  Offlwr,  O.S.  mm  Sobool.  Oom..t,  O.B. 

mm  station,  Tnuun  laliat,  Sn  FnMlMO,  Onllf. 
SB  •ii.nrlBtMimnt,  O.S.  Snnl  maturnSmt.  Sohool,  Nontmgr 
Onllf. 

8)  OfflMT-ln-Chirsi,  U.S.  mm  School,  CSC  Offlonn,  U.S. 

mm  Ooutraotlon  m.  Cmtnr,  9art  iMam.,  Cnlif. 

8k  rn— iiklin  Ufflnr,  milknr  Ukiuon.  Tnlaias  Ckstcr, 
Atiantu,  U.S.  mm  icM,  mrfisu  u,  m.  «nit 
Saolmr  Vnrtu.  Dm. 

89  rnmnSlBS  Offlonr,  mklrnr  Ukspew  Tislnl^  OmtMr, 
moiru,  mm  Stntlon,  Snn  Mnip,  QOlf . 

86  Cl— iiSIns  Ufflnr,  U.S.  mm  O—m  OoBtrol  mt. 
Okntn,  mm  Snn,  WillnWphln  U,  Fn.  AIBIt  ADC 
Dtfnn  Oonm 

^  Cl— nllng  Offlonr,  Air  Dmlo—nt  S—Sron  9,  TX-9. 
Chin  lofeo,  cmif . 

88  Dlmtor,  mm  Air  mpnrl— t  Stntlon,  Air  mtnrtnl 

Cntnr,  U.S.  mm  I—,  Phll—lphu,  Ih. 

89  OoBHator,  Offlonr  O.B.  mm  Air  Dnmo— nt  Cnnr, 

Jol—nila,  Fn.  Alflii  MS,  Ubrnrln 
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90  Coomandlng  Officer^  U.8.  Itoval  Medicftl  B«saareh  Institute, 

national  Naval  Medical  Center,  fietheeda,  Kd. 

91  Officer- In-Charge,  U.S,  Naval  Supply  Research  and  Bevel- 

opaent  Facility,  Naval  Supply  Depot,  teyonne,  N.J* 

92-  9?  Commandant,  U.8.  Marine  Corps,  Washington  2^,  D.C. 

ATTN:  Code  A03H 

96  Commanding  Officer,  U.S.  Naval  CIC  School,  O.S.  Naval  Air 

Station,  Glyneo,  Brunswick,  Ga. 

AM  FORCE  ACTIVITIES 

97  Assistant  for  Atomic  Ener&#  Um,  USAE,  Washington  2^, 

D.C.  ATTN:  DCS/O 

96  Deputy  Chief  of  Staff,  Operations  3^.  USAF,  Washington 
2^,  D.C.  ATTN:  Operations  Analysis 
99*100  Assistant  Chief  of  Staff,  Intelligence,  USAF, 

Washington  2^,  D.C.  ATffl:  AFCIR-3B 

101  Director  of  Research  and  Development,  DCS/D,  HQ.  USAF, 

Washington  2^,  D.C.  ATTN:  Guidance  and  Weapons  Dlv. 

102  The  Surgeon  General,  BQ.  USAF,  Washington  2^.  D.C. 

AITN:  Bio.-Def.  Pre.  Med.  Division 

103  Commander-In-Chief,  Strategic  Air  Command,  Offutt  AFB, 

Neb.  ATTN:  QAWS 

10k  Comander,  Tactical  Air  Comaiand,  Langley  AFN,  Va.  ATTN: 

Doc.  Security  Branch 

10^  Commender,  Air  Defense  Command,  Ent  AFB,  Colorado. 

ATTN:  Atomic  Inerg/  Dlv.,  ADXAN-A 

106  Coounder,  Air  Force  Ballistic  Missile  Dlv.  BQ.  ARDC,  Air 

Force  Unit  Poet  Office,  loe  Angelee  Celif.  A^N;  WD60T 

107  Commander,  Hq.  Air  Raeeerch  and  Development  Cosaend, 

Andrevi  AFB,  Washington  2^.  D.C.  ATTN:  RDWA 
lOd-lOQ  COMander,  AF  Cambridge  Rssearch  Center,  L.  G.  Danseom 
Field,  Bedford,  Mass.  A^N:  CRQST-2 
110-11^  Commander,  Air  Force  Special  Weapons  Center,  Kirtlsnd  AFB, 
Albuquerque,  N.  Max.  ATTN:  Tech.  Info.  E  Intel.  Dlv. 

119- 116  Director,  Air  Univerelty  Library,  Maxwell  AFB,  Ala. 

117  Commander,  Ixiwry  AFB,  Denver,  Colorado.  ATTN:  Dept,  of 

8p.  Wpns.  Tng. 

118  Commandant,  School  of  Aviation  Medicine,  USAF,  Randolph 

AFB,  Tex.  ATTN:  Research  Secretariat 

119  Comsianaer,  1009th  Sp.  Wpns.  Squadron,  HQ.  USAF,  Washington 

25.  D.C. 

120- 122  Commander,  Wright  Air  Development  Center,  Wrlght-Patterson 

AFB,  Dayton,  Ohio.  ATTN:  WCOSI 

123-12k  Director,  USAF  Project  HAND,  VIA:  USAF  Lleieon  Office, 

The  RAND  Corp.,  1700  Main  St.,  Sente  Monica,  Calif. 


129  <'offlfflander,  Air  Defense  Systems  Integration  Dlv.,  L.  0. 
Hanseoffi  Field,  Bedford,  Mass.  ATTN:  SIDE-S 

126  Commander,  Air  Teehnlcel  Intelligence  Center,  USAF,  Writr/.t- 

Patterson  AFB,  Ohio.  ATTN:  AFCM-kBla,  Library 

127  Assistant  Chief  of  Staff,  Intelligence,  HQ.  USAFE,  APO 

633,  Nov  York,  N.T.  ATTN:  Directorate  of  Air  Targets 

128  Comaander-ln-Chief,  Pacific  Air  Forces,  APO  993*  San 

Francisco,  Calif.  ATTN:  PFCIE-MB,  Base  Recovery 

OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 

129  Director  of  Defenee  Reeearch  and  Engineering,  Washington  29, 

D.C.  ATTN:  Tech.  Library 

130  Director,  Weapons  S/atems  Evaluation  Group,  Room  lESdO, 

The  Pentagon,  Washington  29,  D.C. 

131-138  Chief,  Defense  AtosUc  Support  Agency,  Weehlngton 
29,  D.C. 

139  Cewender,  Field  Conand,  DASA,  Sandle  Baee,  Albuquerque, 

N.  Max. 

IkO  Cesumnder,  Field  Conand,  DASA,  Sendla  Baee,  Albuquerque, 

N.  Hex.  ATTN:  FCTG 

lkl-lk9  CcMonder,  Field  Cemmand,  DASA,  Sandle  Baee,  Albuquerque, 

N.  Max.  ATTN:  FCWT 

lk6  CcMonder,  JTT-7,  Arlington  Hall  Station,  Arlington  12, 

7a. 

Ik7  Admlnlatrator,  National  Aeronautics  and  Space  Adminis¬ 
tration,  19^  "H*  St.,  N.W.,  Washington  29,  D.C.  ATTN: 

Mr.  R.  V.  Rhode 

Ikd  U.8.  Documents  Officer,  Office  of  the  United  States 
National  Military  BepreeantatlTe  -  SHAPE,  APO  99, 

New  York,  N.T. 

ATCMIC  EEEKl  CCMtlSSICa  ACTI7ITI18 

lk9-191  U.S.  Atomic  Energy  Cooaleelon,  Technical  Library,  Washing¬ 
ton  29,  D.C.  ATTN:  For  IMA 

192-193  U>e  Alamos  Scientific  Laboratory,  Report  Library,  P.O. 

Box  1663,  Los  Alamos,  N.  Max.  ATTN:  Helen  Redmsin 
19k-158  Sendla  Corporation,  Classified  Document  Division,  Sendla 
Base,  Albuquerque,  N.  Max.  ATTN:  K.  J.  Smyth,  Jr. 

199-161  University  of  California  lawrence  Radiation  Laboratory, 

P.O.  Box  808,  LlveiBore,  Calif.  ATTN:  Clovis  G.  Craig 
162  Weapon  Data  Section,  Technical  Information  Service 
Extension,  Oak  Ridge,  Tenn. 

163-199  Technical  Information  Service  Extension,  Oak  Ridge, 

Tenn,  (Surplus) 
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